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——- Basic Marine Navigation _— 


By Bart J. Box, Associate Professor of Astronomy, and FRANCES W. Wricu' 
Teaching Fellow in Astronomy, Harvard University 


A simple, yet complete, treatment of coastwise and offshore navigation. 


@ In the section on coastwise navigation the emphasis is on piloting and dead 
reckoning, the use of the compass, the practice of compass-corrections and 
compass-compensations, and on tides and currents. 

® In the chapters on celestial navigation tabular methods are used. The marine 
sextant and the latest type of bubble sextant are described in detail and much 
attention is given to the taking of sights. 





® The book has chapters on weather and weather predictions at sea and on navi- 
gation in emergencies. A brief chapter on the maneuvering board is included. 


@ 4 KIT OF PRACTICE MATERIALS is available. The kit, which includes many charts 
and blank forms, affords, with the text, a complete and effective unit for the 
study of navigation. 
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Surface Chemistry is based on a symposium that was held at the University of Chicago in 
September, 1941, in connection with the celebration of the fiftieth anniversary of the University. I 7 
The symposium was organized and presented in commemoration of the twenty-fifth anniversary 
of the publication of the first contribution by Dr. William D. Harkins in this field. The subject 
is one of the newer branches of chemical science, its beginning dating back less than 40 years. 
The basic subject matter of this volume, however, is not only of deep theoretical interest but 
also of great practical importance. 

Publication Committee: HERMANN I. SCHLESINGER, Chairman; JoHN G. KirRKWoop, and 
THomAS F. YounG. Edited by F. R. Mouton. 
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Sealed in this box and deposited 
in the vaults of the Bell Telephone 
Laboratories is a special device 
that helped win a great battle. It 
1s being preserved for its historical 
significance. 


Sucu things do not just happen. New 
instruments of war may appear sud- 
denly on the battle-fronts. But be- 
hind them are long years of patient 
preparation. 


Our scientists were organized to have 
this device ready for battle—just as 
our fighting forces were organized to 
be ready for that battle. 


IT HELPED WIN A GREAT BATTLE 


Developing secret military devices is 
a big job but big forces are busy on it, 
day and night. 


Concentrating on this job are more 
than 7000 people in the Bell Tele- 
phone Laboratories. Its scientists and 
engineers and their skilled associates 
form a highly organized team, expe- 
rienced in working things out. 


Today’s work for war had its begin- 
ning many years ago when these lab- 
oratories were founded as 


Csal DN 
part of the Bell System’s la % 
service to the public. \) 4 
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THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


Founding and Organization 


In 1848, on September 20, the Association was 
formally organized and held its first meeting; in 
1874 it was incorporated under the laws of the 
Commonwealth of Massachusetts and given the 
right to receive, purchase, hold and convey prop- 
erty. Its governing body is a Council, now having 


255 members. 


The Association is national in scope, with mem 
bership open to the whole world on equal terms, 
and its interests include the broad fields of the 
natural and the social sciences. Its varied activi- 
ties are carried on under 16 sections with which 
189 affiliated and associated societies, having a 
combined membership of nearly a million, cooperate 
in organizing programs for its meetings. 


Members and Meetings 


All persons engaged in scientific work, all who 
find pleasure in following scientific discoveries, all 
who believe that through the natural and social 
sciences a better society may be achieved are eligi- 
ble for membership in the Association. From its 
founding, the most distinguished of American sci- 
entists, including every American Nobel Laureate 
in science and every president of the National 
Academy of Sciences, have been members, The 


names of many university presidents, of en 
scholars in widely different fields, and of men 1 
ble for public service, including a United St 
Senator, a Justice of the Supreme Court, 
former president of the United States, are no 
its roll of more than 25,000 members. 


The Association’s meetings are field days of s 


ence attended by thousands of participants 


which hundreds of scientists vie with one another 
for the pleasure and the honor of presenting res 


of researches of the greatest benefit to their f¢ 
men. An enlightened daily press reports 
proceedings throughout the country. 


Opportunity and Responsibility 


A world torn by conflicts and fearful of t 
ture is looking more and more toward scientists 
leadership. The opportunity for unparalleled 
vice is theirs and the fact that they have ava 
the only essentially new methods, if not pur 
imposes an equal responsibility. For these r 
it will be the Association’s steadfast purp 
promote closer relations among the natural a 
social scientists, and between all scientists and 
persons with similar aspirations, to the e1 
they together may discover means of attai 
orderliness in human relations comparable 1 
which they find in the natural world about t! 
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fessor of Physies at 
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four children. Dr. Zinszer is now president of 


+ 


the Kansas Academy of Science and is active in 


any other professional organizations. 


Rurus Suter, Ph.D., is 
a genuine” Doctor of 
Philosophy, having re 
ceived his doctorate in 
philosophy at Harvard 
in 1982. Now 39, his 
army service was ter 
minated by age, and he 
is engaged in confiden 
tial war work in Wash 
ington, D. C. He lives 
at 1904 Southern Ave., 
S.E. Dr. Suter is a 


native of western Pennsylvania and a Harvard 





man throughout his higher education. From 
Harvard he went to the Library of Congress as 
a cataloguer in philosophy. For two years he 
held a fellowship at the Asiatic Division of The 
Library of Congress and contributed biographies 
lor Eminent Chinese of the Ch’ing Period, edited 
by Arthur W. Hummel (1943). 
concerns the history and nature of the scientific 
ethod, exemplified by his present article and 
previous articles in The Scientific Monthly on 


\ristotle, Galileo, Hume, and Watt. 
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covering the years 1932 to 
1944, expressing the deeptelt, underlving, home 
spun philosophy of America’s most distinguished 


citizen. Edited by Dagobert D. Runes. $1.50 


ENCYCLOPEDIA FOR 
BOYS AND GIRLS 


By S. Johnson. <A one 
library and 


volume refet 


ence treasury of tacts tor 


children. Recommended for youngsters 


from the elementary through the high 
school grades. $3.00. 
GUIDING THE 
NORMAL CHILD 
By Agatha H. Bowley, PL.D.  Inval 


uable information for teachers, 


social workers, physicians, and others in 


c hild. 


pare nts, 


terested in proper growth of the 


$3.00. 


THE BABYLONIAN TALMUD 


Edited and translated from the original 


by Leo Auerbach. The first representa 


tive cross section of this monumental 


work in English. $3.00. 


INTRODUCTORY ASTRONOMY 
sy J. B. Sidgwick. \ 


astronomical knowledge and a 
With over fifty maps 


summary of 
modern 
guide to the stars. 
of the night sky and a glossary of terms 
With 


$2.30. 


and abbreviations. a preface by 


Clyde C. Fisher. 
PHYSICS OF THE 

TWENTIETH CENTURY 
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presents 1 


By Pascual Jordan. the lead- 


ing world authorities survey 
and a critical analysis of the theories in 


the world of physics today. $4.00. 


PHILOSOPHICAL LIBRARY 


15 E. 40th St. New York 16 
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Knowing the Weather. T. Morris LONGSTRETH. 
19 ils. xiii +150 pp. 1943. $1.69.  Maemillan. 

The behavior of the atmosphere, its drama and 
beauty, is discussed in a lively personal style Cy 


clones, clouds, winds, temperature, rains, snow, storms, 
ice, and measuring instruments are among the 
topics treated in this book on the fundamentals of 
weather and the practical aspects of being air-wise. 


Henry S. Pritchett. ABRAHAM FLEXNER, 3 IIls. 


Dee., * 5 


1943. $2.75. 


iv +211 pp. Columbia Uni 


versity. 


Dr. Flexner, who worked under Pritchett in 1908 
12, surveys the life and work of one of America’s fore 
most the broad understanding and 
wide sphere of influence of a man whose life included 
heading the Coast and Geodetic Survey, M.IL.T., and the 
Carnegie Foundation for the Advancement of Teaching 


educators, showing 


American Women of Science. EpNA Yost. xviii 
232 pp. 1948. $2.00. Stokes, 


Brief biographies of twelve great women, all but two 
of whom are still alive, have been compiled by the 
author to demonstrate the importance of women in the 
civilization. Among these are Alice 
Hamilton, outstanding authority on industrial medi 
cine, and Florence Rena Sabin, famous for researches 
on blood vessels and tuberculosis 


advancement of 


HARRY JJ. 
Mae 


Introduction to Exceptional Children. 


SAKER. II], xiv+496 pp. 1944. $3.50. 


millan, 


This is a college textbook written by the Director of 
the Psychological Clinie of the Detroit Public Schoois. 
Dr. Baker presents the facts and offers valuable sugges 
tions relating to different types of exceptional children, 
the physically handicapped, the mentally 
and the gifted. 


including 
subnormal, 
SAMUEL Eppy and THADDEUS 


252 pp. Nov., 1943. 


Northern Fishes. 


93 Ills. xi4 $4.00, 


SURBER. 
University of Minnesota. 


The species and subspecies of over 150 freshwater 
fishes inhabiting the waters of the Upper Mississippi 
Valley are fully described and illustrated in this man 
ual for ichthyologist, or conservationist. 
Special sections are devoted to lake and stream im 
provement and conservation, fish production and man 
structure, classification, and origin of fishes. 


sportsman, 


agement, 


WILLIAM H. 
1944. $2.00. 


Medicine and the War. Edited by 


TALIAFERRO, Ill. vi+193 pp. 


University of Chicago, 


This volume contains ten Charles R. Walgreen Foun 
dation lectures by members of the faculty of the Divi- 
sion of Biological Sciences, University of Chicago. It 
provides laymen with current information on the fol 
lowing vital topics related to the war: food, cheno 
therapy, malaria, modern transportation and disease, 
aviation medicine, brain injuries, psychiatric disorders, 
shock and blood substitutes, chemical warfare. 


Peoples of Southeast Asia. BruNo LASKER. III. 


1944, $3.00. 
The broad subject of this book, prepared under the 


auspices of the American Council of the Institute of 
Pacific Relations, is the 150 million brown and yellow 


988 +x pp. Knopf. 


peoples of Burma, Thailand, Malaya, Indo-China, the 
Philippines, and Netherlands Indies—their changing 
ways of life and their and our mutual needs in the 


present struggle for freedom. 
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LANGUAGES FOR 
TECHNOLOGISTS 


Post-War opportunities for scientists 


and technically trained men = and 
women in every part of the world 
will go by preference to those who 


speak another language. 


In your own home and your own time, 
learn to speak any of 29 European 
and Asiatic languages quickly, easily, 


correctly by the world-famous 


| LINGUAPHONE 
| CONVERSATIONAL 
| METHOD 


| Endorsed by educators and used by 
| Allied Nations armed forces and other 
services, the amazingly simple Lingua- 
Method 
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data of various phenomena during 
my astronomical expeditions to Pe- 
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wrote one Professor after reading a 
Micromax Re- 
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corder. 
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A PARABLE FOR PEACEMAKERS 


Be 


By ALEXANDER F. SKUTCH 


Here in this tropical valley live untold 
thousands of birds of several hundred dis- 
tinct kinds. They dwell together in a degree 
of peace and harmony that is surprising 
when one considers their number and diver- 
sity of habits. Since a large proportion 
remain paired throughout the year and oc- 
cupy continuously the little plot of ground 
in which they nest, disputes for the posses- 
sion of mates and nesting-ground are far less 
frequent and violent than among northern 
birds, which in general are migratory and 
each spring must find mates and claim their 
nesting territory anew. Here predatory 
members of the avian world are rare; and 
an almost Utopian good-fellowship prevails 
among the local birds. 

But there is one outstanding exception, 
one perpetual disturber of the harmony that 
prevails among two hundred kinds of birds. 
It is a small flycatcher, with dull brownish 
upper-plumage and a dingy yellow breast 
streaked with narrow dusky lines—alto- 
gether a bird neither beautiful nor distin- 
guished in aspect, and one that would attract 
the eye of none but the enthusiastic bird- 
watcher armed with his field glasses. Early 
in the sunny month of February, this plainly 
clad little flyeatcher arrives in our valley, 
and at once proclaims his presence by a 
variety of thin-toned, breezy whistles that 
seem to be the spontaneous outpouring of a 
careless, easy-going, vagabond nature. In 
these airy, carefree utterances, one searches 
in vain for some trace of the earnestness of 
his neighbor and relative, the yellow-breasted 
chipsacheery flycatcher, the depth of feeling 
of the brown thrush, or the retiring modesty 
of the blue grosbeak. They seem to be the 
self-revealing expression of a nature at once 





light-hearted and shallow, bound by no ties. 
Only the persistency of his repetition of the 
long-drawn and the high-pitched, 
rapid pee-de-de-de, might lead the per- 
spicacious student of avian nature to suspect 
that there lurked behind that voice a vein of 
stubborn pertinacity unexpected in a char- 
Yet, if 


vast forests 


Pee-€-€-C, 


acter so gay and breezy. poetry 
flourished here amid the of 
southern Costa Rica, the local bards might 
upon and the the 
striped flycatcher as the true harbinger of 
spring, as European poets have taken the 
voice of the cuckoo, and North Americans 
the songs of the bluebird and the robin. 

Yet, to a certain section of the local bird 
population, I fear that the airy whistles of 
the striped flycatcher are anything but a 
message of gladness and good cheer. At this 
season, I fancy that I hear the yellow- 
breasted gray-capped flycatchers exclaiming 
to their mates in their thick, earnest voices, 
and the chipsacheeries repeating in their 
soft, high tones: ‘‘Confound it! So that pest 
is back again!’’ 

For in March, the month of gathering 
clouds and the first light evening showers, 
the gray-caps and the chipsacheeries, to- 
gether with a host of other birds of the most 
diverse kinds and colors, begin to fashion 
their nests, that they may bring forth their 
young in the verdant, flowery period of April 
and May, when flourishes an abundance of 
insect life that lightens the task of filling 
hungry nestling mouths. But not so the 
striped flycatchers; instead of setting about 
to prepare their nests, they continue to perch 
idly in the treetops, now and again darting 
forth to snatch up passing insects, and con- 
tinue their thin whistles, as breezy and ecare- 


seize celebrate voice of 
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free as ever. Not for this pair the joyous 
occupation of choosing, male and female 
together, the site of the future nest, amid the 
dark foliage of orange or lemon tree, or at 
the leafy end of some long bough overhang- 
ing the sparkling current of the river, close 
beside a hive of stinging wasps that will 
fiercely punish any heavier, less aerial crea- 
ture that shakes the swinging branch. Not 
for the female striped flycatcher the pleasant 
task of building the nest, while her mate 
perches close by, dropping a cheery note of 
encouragement each time she passes him with 
a straw in her bill. The striped flycatchers 
have other ends in view; they watch and 
whistle while other birds build their nests. 

At length, after a week or two of unhur- 
ried labor, the gray-cap, or her cousin the 
chipsacheery, has completed her nest, a com- 
modious structure of dry straws and weed 
stems, with a high domed roof to shield the 
occupants from sun and rain, and a wide 
round doorway in the outer side. A few 
mornings later she lays the first of the white 
eggs wreathed with brownish spots, then two 
or three more on the following days. Now 
is the time for the striped flycatchers to put 
in their master stroke of strategy. It is not 
without a purpose that they have waited all 
these weeks in the tops of neighboring trees, 
appearing so blithe and innocent, yet watch- 
ing every move of their intended victims, 
and quite aware of the precise stage of the 
nesting operations of the particular gray-cap 
or chipsacheery they have chosen as their 
dupe. 

One fine morning, after the eggs have been 
laid in the domed nest, one of the striped 
pair ventures closer than the owners will 
permit. Then one of the yellow-breasted 
owners, as likely as not the male, darts at 
the intruder, who at once prudently retires. 
Perhaps the female yellow-breast joins in the 
aerial chase. The longer and hotter the pur- 
suit, the better for the purposes of the 
striped flycatchers. While one of the pair 
decoys the owners away, the other enters the 
unguarded nest, takes a spotted egg in its 
bill, flies out and drops it to the ground. 
They have scored their first point in the un- 
equal contest. Then they go off a while, 
insect catching and calling, and at their con- 
venience return for the second round. The 
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yellow-breasted owners of the nest, excite 
and angry now, dart fiercely at them, deter. 
mined to drive away these impertiney; 
thieves. The chase is hot, pursuer and pur. 
sued twist and double until it is diffieult ; 
follow their movements with the eye. By: 
the defense of the yellow-breasts revyea)s 
more zeal than strategy; in their spirited 
sally to drive the trespassers away from their 
citadel, they have neglected to maintain 
garrison. Again the striped birds’ opportu. 
nity arrives and soon a second egg lies broken 
on the ground. When the last of the three 
or four eggs has shared the same fate. the 
contest ends, as it always does, in favor 0; 
the striped flyeatchers. Although the battle 
was spectacular and noisy, with both sides 
voicing their characteristic cries, none of the 
contestants suffered personal injury greater 
than the loss of a few feathers. 

Few birds will lay a second time in a nest 
that has been pillaged. So the gray-cap or 
chipsacheery who has lost her nest soon be- 
gins, hopeful and industrious as ever, to 
construct a second domed nest close by, leav- 
ing the plundered structure in possession of 
the invaders. These carry in a loose handful 
of small dry leaves—which the builders oi 
these domed nests never themselves take in— 
as though they felt constrained to make at 
least a pretense of useful effort. Among this 
loose litter the female striped flycatcher lays 
her three grayish-brown, mottled eggs, and 
incubates them while her mate whistles in 
impudent exultation from the nearest tree- 
top. And these thieving birds, once estab- 
lished in their ill-gotten home, guard it with 
as much zeal, and attend with as much care 
and affection the eggs and young it shelters, 
as though they had built it with their own 
bills. Frequently the female may be over- 
heard singing to herself a sweet little song 
of love and contentment as she sits over her 
eggs. 

The season is now well advanced, and the 
dispossessed yellow-breast labors with more 
concentrated energy to finish her second nest. 
Soon it is completed, a new set of eggs depos- 
ited in it, and the patient task of incubation 
begun once again. Occasionally, during an 
interval when the second nest of its victims 
remains unguarded, a striped flycatcher will 
remove an egg from that nest; more from 
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But in general, 


pabit than from malice. 
woes well with the replacement nest 
the yellow-breasts—provided snake and 
and hawk and destructive boys fail 
nass its way—so long as the striped fly- 


all 
ot 
weasel 


to | : : 
catchers prosper in their stolen nest near by. 


But the eggs and young of the home-robbers 
are preyed upon by the same enemies that 
take toll of the offspring of the home-builders. 
If they are lost, as may happen in from a 
quarter to a half of all the nests occupied by 
the striped flycatchers, they will not again 
entrust their eggs to the structure that has 
been once pillaged. Instead, they demand 
another commodious domed nest of their 
dupes, the yellow-breasts, and will most 
likely throw out the new set of eggs that the 
female yellow-breast is incubating in her 
second structure near by, causing the un- 
fortunate bird to build yet a third. One 
might suppose that the unhappy pair would 
withdraw to some more distant locality to 
construct their later nests, instead of plac- 
ing them within such easy reach of their 
persecutors and despoilers. But as a rule, 
this is not feasible; were they to go in search 
of another area suitable for their breeding 
operations, in all likelihood they would find 
it already in possession of another pair of 
their kind, who would resent their intrusion, 
and who most probably had also to contend 
with a pair of the pestiferous stripe-breasts. 
So the long-suffering gray-caps and chipsa- 
cheeries linger upon their own home ground 
chosen many months before, and hopefully 
build nest after nest there, until at length, 
unless they have more than usual bad luck, 
one is successful, and their bright-eyed 
fledglings, safely past the most critical period 
of their lives, fly from its shelter, and clamor 
incessantly for food in the neighboring trees. 

Thus, when a pair of the yellow-breasted 
flyeatchers is selected by a pair of striped 
flyeatehers as their victims, they not only 
lose their first nest but may lose their sub- 
sequent nests. Consequently, their success 
depends to a large extent upon the success 
of their persecutors. The safety of the sec- 
ond nest oceupied by their eggs and nestlings 
is not bound up in this nest alone, but also 
in the earlier structure stolen from them by 
the striped flycatchers, and the risk of loss 
is doubled. Fortunately, the chipsacheery 


and gray-capped flycatchers are hardy, pro- 
lifie species, widespread in tropical America. 
The striped flycatcher, like the chipsacheery 
(the wider-ranging of its victims), spreads 
over a vast territory stretching from Mexico 
to the northern districts of the Argentine 
Republic, but in most parts of its range is 
abundant than the two yellow- 
nests it 


far less 
breasted 
And these, despite the loss of so many nests 
to the striped thief, are in extensive regions 
of the American tropics among the most 
abundant and familiar of birds about the 
dooryards of men, in pastures with scattered 
and along the rivers and 
lakes. They avoid the unbroken 
forests where conditions are not favorable 
for their flycatching. 


species whose occupies. 


trees, shores of 


heavy, 


II 

Here Nature herself 
tion that points as profound a moral as any 
parable sprung from the fecund imagination 
of Aesop, La Fontaine, or Iriarte. Of the 
between the 


las ereated a situa- 


main events in the struggle 
striped flycatcher and its victims I am per- 
fectly sure, having witnessed it not fifty 
yards from my dwelling. And each year, 
over a vast territory in the warmer countries 
of America, this little drama of bird life is 
acted many thousands of times over; as it 
has been, no doubt, during untold centuries 
stretching beyond the dawn of human his- 
tory. Here is a relationship between two 
antagonistic species so old, so firmly estab- 
lished, and so widespread, that it may well 
be worthy of our serious examination. The 
reader, if he is acquainted with none of the 
chief protagonists—if he has never heard 
the long-continued dawn-song from which 
the chipsacheery flycatcher takes its name, 
and has seen nothing of the devoted industry 
of the gray-cap as she fashions her domed 
nest—will have formed no prejudices in 
favor of one side or the other, and can the 
more dispassionately and unerringly draw 
conclusions from their strange history. 

For I, after long acquaintance with these 
attractive birds, have become the partisan of 
the aggrieved party. Once, while witnessing 
the conflict between a pair of gray-caps and 
a pair of striped flycatchers for the posses- 
sion of the former’s nest, I longed to be able 
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to drop a word of advice into the ear of the 
defenders. ‘‘Instead of dashing foolishly in 
pursuit of your slippery assailants,’’ I 
wanted to tell them, ‘‘keep your citadel con- 
stantly garrisoned. Take turns at warming 
your eggs, keep them constantly covered and 
the pesky little stripe-breasts will never be 
able to harm them.’’ 

But I fear that this would have been ad- 
vice proffered in vain. In all the great fam- 
ily of the American flycatchers, I have not, 
in years of study, discovered a single species 
of which the male takes a turn on the eggs. 
For a male flycatcher to sit in the nest would 
be as preposterous and unconventional as for 
a male woodpecker or a male antbird to fail 
to take his full share in warming the eggs 
and brooding the young. Being conserva- 
tive by nature, doubtless the gray-caps would 
rather continue to risk the loss of their nests, 
than to change the age-old customs of their 
kind; just as those who have been born and 
raised upon the slopes of a voleano will linger 
there, under the constant menace of a dis- 
astrous eruption, rather than seek a safer 
home in strange parts. 

What, then, could the gray-capped fly- 
catchers and the chipsacheeries do to put an 
end to this annually recurrent and oft- 
repeated outrage? Here is a problem that 
has sometimes amused me upon my solitary 
walks. They might unite against their tor- 
mentors and attempt to make an end of them 
in an active war of extermination. But in 
this it is not likely that they would be suc- 
cessful ; for the striped flycatchers, although 
smaller and weaker, are sufficiently swift and 
agile to elude their pursuers. Or they might 
become disciples of the Mahatma Gandhi, 
wage a passive rather than an active war- 
fare, and refuse to build nests at all, seeing 
that so large a proportion of them are made 
for the use of others. But this Gandhian 
policy, also, could not be wholly successful ; 
for the two species of yellow-breasted fly- 
catchers, although the chief victims of the 
striped-breasts, are by no means the only 
ones. The nest-thieves occupy a considerable 

variety of covered or closed nests, including 
the long, woven pouches of the oropéndolas 
and other members of the oriole family, the 
snug globular structures of fibrous and 
downy materials built in the tree-tops by 


becards, and have even been known to ; 
possession of the nest-chamber carved 
gartered trogons into the heart ot 
papery wasps’ nest. It is probably in said 
situations that their litter of dead leayos i 
of service, for trogons do not line their nos. 
with soft materials. But there is no reco, 
of the striped flycatchers’ ever having ma 
use of an open nest, such as those of thrus| 
tanagers, sparrows, and the great majori: 
of songbirds. Hence, were the yel 
breasted flycatchers to go on strike and ps. 
fuse to build, the striped flycatchers w 
be deprived of the most important, but by: 
means the only, source of their nests. 2 
such a course, the yellow-breasts would 
more likely to accomplish race-suicide + 
the extermination of their enemies. 

Or, taking the philanthropic—or shou 
be philornithic?—view, the chipsacheer 
and gray-caps might establish schools 
teach the less gifted striped flycatchers | 
to build their nests. But in such a | 
minded endeavor, the auguries of success are 
not encouraging. Students of evolution have 
crystallized certain of their conclusions | 
the so-called ‘‘Law of Loss.’”’ They hay 
discovered that when once an organism, i! 
the course of many generations of evolut 
ary change, loses an organ, that organ is 
never recovered. If, as a result of secular 
changes in environment, external conditions 
recreate the need for the lost part, it is not 
reconstituted in its primitive form, but : 
best a substitute is gradually developed 
Thus plants of a number of kinds, at home 
in arid regions, have little by little quite lost 
their leaves. When one of these plants again 
finds itself growing under humid conditions 
where the possession of broadly expanded 
leaves would be an advantage, it cannot 
recover its lost foliage in the original form, 
but at best, during the course of many gen- 
erations, develops substitutes of quite dis- 
tinet origin, such as flatly expanded stems 
or leaf-stalks. What applies to organs prob- 
ably holds equally true of instincts, such as 
that of nest-building. As well attempt to 
help a snake sprout forth again the legs 
enjoyed by its remote ancestors, as to tea’ 
a striped flycatcher to fashion a nest such 
as its forefathers once built. 

All things considered, it is probable that 
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the best course the victims of the striped fly- 
catchers could take is that which they already 
follow. Indeed, it is not likely that the 
philosophic naturalist, in his comfortable 
armehair or on his musing evening walks, 
ean improve upon the ways Nature has devel- 
oped as the result of countless millions of 
trials covering many thousands of years. 
Yet I make bold to suggest an improvement, 
in one small point, on the course actually 
followed by the yellow-breasted flycatchers: 
that instead of making a nest in the vain 
hope of using it themselves and laying eggs 
only to have them thrown away, each pair 
of yellow-breasts, at the outset of the breed- 
ing season, build a nest especially for the 
pair of striped flycatchers that has attached 
itself to them, and when it is completed, lay 
no eggs there, but respectfully invite their 
persecutors to move in and have joy of it. 
Then, chirping praises of their own philor- 
nithy in providing their poor relations with 
the means to perpetuate their kind, they can 
vo ahead and build another for themselves, 
with better prospects of remaining in pos- 
session. But let them fashion the nest in- 
tended for the striped flycatchers with all 
the care they bestow upon that destined for 
their own offspring; for if the first is flimsily 
built and collapses in a rainstorm, the ten- 
ants will, as I once saw, abandon it, and dis- 
possess the yellow-breasts of their more 
sturdily built second nest. And let the gray- 
caps and chipsacheeries wish success to those 
for whom they have built; although they may 
not love those clamorous, improvident crea- 
tures, they have every reason to wish them 
good fortune, knowing full well that any 
mishap that befalls the striped-breasts’ nests 
will be also their own misfortune. For the 
prosperity of the highly gifted yellow- 
breasted flycatchers is linked with the wel- 
fare of the deficient striped-breasts. 


III 


Our study of a certain peculiar situation 
existing among the birds of tropical America 
has led to the quite unexpected conclusion 
that the best course certain persecuted 
species can follow is, if not to love, at least 
to wish well to a second species as a result 
of whose deficiencies they are grievously 
annoyed. Nature herself, Nature ‘‘red in 


tooth and claw,’’ has taught, in this instance 
at least, a rule of conduct closely approxi- 
mating some of the doctrines of Christ often 
looked upon as fantastically idealistic and 
quite inapplicable to conditions as they 
actually exist in this world of conflict and 
brute force. To love their enemies, to turn 
the other cheek in the figurative sense, is the 
course of action which will bring the yellow- 
breasted flycatchers the maximum of success 
in their endeavor to reproduce their kind, 
with the least amount of And 
this is, in effect, the course they actually 
follow, with cries of wrath and unchristian 


annoyance, 


complaints, no doubt, yet with no great resis- 
tance. I have never known a yellow-breasted 
flycatcher to try to settle accounts with the 
despoiler of its nest by vengefully throwing 
out the intruder’s eggs—an act which, as we 
have seen, would only redound to its own 
further loss. 

One lesson more may be drawn from this 
strange situation. We commonly assume 
that the the 
equipped species, will be most successful in 
the struggle for existence. But this is by no 
means universally true. Some 


strongest, most perfectly 


organisms 
are eminently successful by virtue of their 
very weaknesses. The striped flycatchers, 
with their grave deficiencies cf instinct, lord 
it over the obviously better equipped yellow- 
breasted fiycatchers, which to our eyes are a 
‘‘nobler’’ species. Seeds of a vine and a 
great tree germinate side by side in the dim 
light of the forest floor. The light-starved 
tree seedling grows with extreme slowness; 
it must form a self-supporting trunk as it 
increases in stature, and can never mature 
and fructify unless one of the giant trees 
above fall and make an opening in the high 
canopy where it can spread its ample limbs 
and enjoy the full sunlight. But there will 
be many competitors for this gap when at 
length it occurs; and the seedling’s chances 
of ultimate success are exceedingly slender. 
But the vine, which will never be able to hold 
itself erect, twines slowly upward from limb 
to limb and from tree to tree, until at last 
it spreads a tangled maze over the loftiest of 
them all, and displays its brilliant blossoms 
over the roof of the forest. Its very lack of 
a self-supporting stem contributes to its suc- 
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cess; the necessity to form one, to complete 
itself, causes the failure of the seedling tree. 


IV 


The problem of the striped flycatcher is 
not confined to the bird world alone; it is of 
far broader significance. Striped flycatchers 
we have always with us. In human society 
they are the underprivileged, the disinher- 
ited, the inept. But the advantage of con- 
sidering the problem as it occurs among 
birds is that we can do so dispassionately, 
and so reach truer conclusions. Human 
problems are so bound up with our fears, 
hopes, and prejudices that only with diffi- 
culty can we give them the detached, objec- 
tive consideration essential for reaching solid 
conclusions about our social behavior. 

In the tropical valley where I dwell, the 
welfare of two highly endowed species of 
birds is intimately dependent upon that of 
a third species with a conspicuous deficiency 
which—without justification, as we see it— 
makes a claim upon their superior endow- 
ments. The security of their homes and 
families hangs upon the safety of the homes 
wrested from them by their poor relations. 
The happiness of some of the noblest birds 
in the valley is linked with that of one which, 
from the point of view of the human moral- 
ist, is the most ignoble of them all. 

Is it otherwise in human communities? I 
think not. In a hundred ways, some direct, 
some subtle and tortuous, the welfare and 
happiness of the ablest and most gifted mem- 
bers of a society are dependent upon that of 
the poorest, the meanest, the most defective 
—the striped flycatchers among us. The dis- 
eases that breed in the slums and the shacks 
of the indigent find their victims at length 
in the comfortable homes of the prosperous. 
The vices which lurk there creep into the 
well-ordered families of the substantial citi- 
zens. The thieves created by idleness and 
destitution take toll of the goods of the well- 
accommodated. If the underprivileged class 
is sufficiently numerous, then the political 
and economic systems of the country are 
disordered, the entire moral atmosphere pol- 
luted. Longer-suffering than their feathered 
prototypes, restrained by law, custom, and 
the whole ponderous superstructure of the 
social system, the human striped flycatchers 
do not assert their fundamental needs with 





such salutary regularity. But if their qos 
ciencies become too acute, their sufferings +, 
dire, they rise up with energy and wrath tha: 
shake the whole social order to its found,, 
tions and strike down the lords of the Jang 

But in ways still more subtle and imp 
terial, our happiness is influenced by eye, 
the least of the creatures around us. Sens 
tive persons are peculiarly affected by +h; 
proximity of suffering and distress. Ti. 
sight of a crippled beggar, a mistreated chi] 
a fly-tortured horse, a broken-winged bir 
or even a mutilated butterfly, casts 
shadow of melancholy, large or small, oye; 
the sunlit fields of the fairest morning 
Those who know how to live well try to sur 
round themselves with creatures in goo) 
health and fine spirits. The raw-boned hors 
and the woebegone dog are not found in th; 
possession of sensitive people. 

The psychology of happiness has never 
been fully analyzed. How is it that great 
catastrophes, such as wars, plagues, ani 
earthquakes, throw a cloud of unhappiness 
proportioned to their magnitude, over per 
sons far removed from actual contact wit! 
them, hardly affected even by their indirect 
consequences? By what mystic bonds 
sympathy, what obscure telepathy of suffer. 
ing, does this action at a distance occur! 
Perhaps, in some fashion we fail to under 
stand, all suffering, whether of man or other 
living creatures, no matter how remote, ex 
erts its proportioned influence upon our 
spirits and prevents our happiness fro! 
attaining its fullest measure. Perhaps non 
will ever enjoy full, unruffled beatitude un 
til—O, when ?—misery and pain quite vanis! 
from the earth. 

In smaller spheres of action, the depen- 
dence of our well-being upon that of th 
creatures around us is becoming increasingly 
evident to thoughtful men. The farmer whi 
applies the doctrine of ‘‘cure or kill’’ to his 
suffering domestic animals has taken the first 
step in the practical application of this 
philosophy. Only savage, insensitive natures 
ean endure to be surrounded by maimed 
suffering, or mistreated animals. The sam 
applies with added force to our own kind 
The degree of civilization of a community or 
a nation may be gauged by its effort to edu- 
eate the underprivileged, that they may 
create for themselves the things they need 
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for the completion of their lives, for their 
happiness. In all enlightened countries, the 
congenitally defective and inept—those true 
striped flyeatchers that can never be taught 
to build their own nests—are supported by 
public charity or kept in appropriate insti- 
tutions. These benefactions in favor of the 
underprivileged are a huge drain upon the 
resources of the community; but wise admin- 
istrators and thoughtful citizens do not 
doubt the wisdom of making the sacrifice, 
just as the yellow-breasted flycatchers have 
learned, under Nature’s wise tutelage, to 
vive up their nests to the striped-breasts 
without too much resistance and with no 
revengeful reprisals. Peace and harmony 
are bought only at the expense of giving the 
unendowed their vital needs or by extermi- 
nating them. A few modern states, un- 
shackled by tradition or by compassion, have 
attempted the eradication of their striped- 
breast class. The wisdom and the practic- 
ability of this policy remain to be proved. 





V 


Logically, it requires but a short step to 
apply to the family of nations the parable 
that points so plain a lesson in situations 
where selfishness and prejudice do not blind 
us to its truth. Yet in practice it is a step 
so long that only a few of the most far- 
sighted of statesmen have been able to take 
it. From the example of Nature, as from 
civie experience, we have learned that where 
a striped-breast class exists, peace and secur- 
ity ean be attained by either of two methods: 
by its extirpation or by yielding to its neces- 
sities with the best grace we are capable of 
assuming. The rule still holds when we turn 
from birds and men as individuals to those 
aggregations of men called nations. 

An underprivileged nation is one poor in 
natural resources, or with insufficient terri- 
tory for its population, or with position and 
empire inferior to that which the ability of its 
people entitle it to hold. Add to these that 
most dangerous class of all: nations intellec- 
tually or temperamentally unfitted for self- 
government. All such countries must sooner 
or later come into armed conflict with their 
better endowed neighbors. Perhaps, now 
that the days of dynastic wars are gone, and 
the world has ceased to be a chessboard over 
which rival princes play for fiefs and vas- 


sals, it would not be far from truth to state 
that only such countries fight with their 
neighbors. For like the striped flycatcher, 
like the underprivileged classes in the social 
structure, no nation will long rest quiet with- 
out the things it needs for continued exis- 
tence. It will not succumb without a 
death-struggle. 

When a population of birds, or a commu- 
nity of men, has learned that the welfare 
and stability of the group can best be main- 
tained by submitting to sacrifices in behalf 
of the underprivileged and handicapped in- 
dividuals, it appears to follow that the 
general health of the family of nations can 
best be secured by a like policy. Those 
countries on the west coast of South America 
whose territory extends across the Andes 
possess large areas with no natural outlet 
save by way of the Amazon River, flowing 
for two thousand miles through territory 
undisputedly Brazilian. Years ago, Brazil 
declared the great river open to international 
navigation, when she might have kept it 
closed with lucrative tariffs, and as a result 
the largest country in South America lives 
in unruffied amity with her neighbors to the 
west. The great nation of Poland was, in a 
sense, in much the same situation as the vast 
but thinly populated Oriente of Peru; it 
could obtain access to the sea and free inter- 
national commerce only through foreign ter- 
ritory. The ‘‘Polish Corridor,’’ so impor- 
tant to the nation it served, without doubt 
caused inconvenience to the Germans whose 
territorial continuity it severed. Less lib- 
eral than Brazil, Germany would-not abide 
this inevitable annoyance; and Poland’s out- 
let to the oceans became one of the causes 
leading to universal conflict. 

Peace will reign only when nations learn 
to make sacrifices to preserve it, to abide with 
good-humored patience inconveniences which 
arise from unavoidable international difficul- 
ties, and to feel an obligation toward neigh- 
boring countries less fortunate than them- 
selves—in short, when they learn to act 
generously instead of selfishly. Alas! it 
seems that nations must ever be less noble 
than many of the men who compose them. 
Individuals have not infrequently been 
known to perform acts of spontaneous gen- 
erosity ; nations, almost never. Individuals 
have times without number made sacrifices— 
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even the highest sacrifice—for the public 
good. When has a nation spontaneously 
made a genuine sacrifice for the good of man- 
kind? National honor is far inferior to the 
best individual honor, so-called ‘‘national 
honor’’ being a species of arrogant, swagger- 
ing pride, rather than a scrupulous care in 
the performance of obligations. No prudent 
man would care to do business with an indi- 
vidual or firm that could produce no better 
record of the fulfillment of contracts than 
the majority of nations have shown through- 
out history. 

It is as imprudent for a country of great 
wealth, culture, and resources to allow itself 
to be surrounded by rude, impoverished 
neighbors, as for a rich man to live among 
starving paupers. The rich man, if wise and 
farsighted, will increase his security, and 
probably also his wealth, by helping his 
neighbors to earn an adequate living. But 
there may come times when he is called upon 
to give them bread to protect himself. 

But with certain nations, diseased by 


greed or intoxicated with delusions of 
own grandeur, no degree of generosity, no 
amount of graceful yielding, can bring peace 
and conciliation. Such countries no longer 
struggle for the means of existence ; they are 
content only with domination. What nation 
could have yielded to the demands of the 
Persia of Darius, the Macedonia of Alex. 
ander, or the France of Napoleon, and ¢on. 
tinued to exist? Carthage and Rome, as two 
states whose pride and ambition had no 
bounds, were well equipped to understan 
each other. Their statesmen knew that cop. 
ciliation was impossible and no peace be. 
tween them could be lasting, because neither 
eould brook any limit to its power. It is as 
though the striped flyeatchers, not content 
with the single nest they must have or 
to reproduce their kind, believed that the 
noble qualities entitled them to every nest 
the yellow-breasted flycatchers could build: 
then for the yellow-breasts there would be no 
middle course between destroying the striped 
flyeatchers and being destroyed by them. 
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r Dr. SKUTCH was born 
in Baltimore, Maryland, 
in 1904. His formal 
education was obtained 
in Baltimore, first in 
private schools and then 
at Johns Hopkins where 
&Z he received his doctor- 
a4 | ate in botany in 1928. 
His own story follows: 
During my undergraduate years, I spent the sum- 
mers on Mt. Desert Island, Maine, studying the 
northern plant-life, especially that of the sea- 
shore. During the summer of 1926, I enjoyed my 
first glimpse of the tropics, on a botanical expedi- 
tion to the island of Jamaica. Here we stayed 
for six weeks in the Blue Mountains. After the 
return of the party, I settled down for six weeks 
more on a banana plantation to make a study of the 
anatomy of the banana leaf for the United Fruit 
Company—this became my doctor’s dissertation. 
In 1928 I went to Almirante in western Panama on 
a fellowship from Hopkins to continue my studies of 
the banana at the research station the United Fruit 
Company then maintained there. In 1930 I con- 
tinued these studies at Tela, Honduras. Upon these 
visits to Central America, I became deeply interested 
in the bird-life. I found that the birds of this region 
had all been classified, but exceedingly little was 
known about how they lived. I resolved to dedicate 
myself to this study. In 1932 I spent half a year on 
a banana plantation on the border between Guate- 
mala and Honduras, making an independent study 
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of the birds. I spent all the following year st 
ing the birds of the Guatemalan highlands at « 
tions ranging from 7,000 to 10,000 feet and here I 
also made a collection of the plants. This led to a 
commission from the Arnold Arboretum of Harvard 
University to collect for them during the follov 
year in the Guatemalan highlands. 

In 1935 I came to Costa Rica, with plans to « 
bine my studies of the birds with botanical collecting 
as a means of support. Hearing much about 
Valley of El General, I resolved to go there. I for 
a pioneer community, with unspoiled forests on 1 
very outskirts of the principal village. The il 
Jefe Politico was most helpful; through him I ac 
quired a cabin with a thatched roof in Rivas, w! 

I dwelt for a year and a half—thrice the length « 
my intended visit. Later I spent two more seasons 
in natural history work in other parts of the valley 

At the beginning of 1940, I accepted the post 
curator of the herbarium in the Museo Nacional in 
San José, but resigned after six months to go to 
Peru, Ecuador, and Colombia on a rubber survey 
party for the U. 8. Department of Agriculture. 

Having come to look upon the Valley of 
General as home, I returned in 1941 and bought 
farm of fifty hectares (about 125 acres), so newly 
carved from the forest that the pastures are even 
now littered with logs and stumps. Here I hav 
been living since then, doing subsistence farming 
—keeping sufficient horses and cattle for the work of 
the farm. All the time the farm work allows—a 
good deal in the wet season—I devote to studying 
the wild-life and to writing. 
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METEOROLOGICAL MILEPOSTS 


By HARVEY A. ZINSZER 


MeTEeorOLoGy (meteora + logos), the science 
of things supraterrestrial, began with the ob- 
servations of primitive peoples whose outdoor 
occupations of hunting, tending flocks, and 
cultivating the soil depended greatly upon 
the weather. Some of the earliest writings 
extant contain fragmentary references to 
weather phenomena. For example, Job, sup- 
posedly written in 1520 B.c., and Ecclesiastes, 
written about 977 B.c., both contain specula- 
tions regarding the weather, some of which 
are believed to have been old even at the time 
of their recording. The weather rule which 
taught that the first twelve days of the year 
indicated the type of weather for each of the 
ensuing months was traced back by Hell- 
mann to the fifteenth century B.c. The an- 
cient Chaldeans and Babylonians, pioneers 
in the science of astronomy, tried to connect 
the phenomena of weather with the motions 
of the heavenly bodies. The Greeks, too, 
were forerunners in the field of meteorology, 
for in Athens today there stands the Temple 
of the Winds, an edifice erected about 100 
B.c. for observing the direction of the winds. 
It is an octagonal tower constructed of 
marble, and at the top of each face is a 
sculptured figure of one of the winds. 

However, the earliest known effort at a 
systematic discussion of meteorology was the 
Meteorologica of Aristotle (384-322 B.c.), 
which was the standard work for two thou- 
sand years. About 400 B.c. Hippocrates, the 
Father of Medicine, wrote the first treatise 
on medical climatology with many interest- 
ing inferences; while Theophrastus, a pupil 
of Aristotle, wrote treatises on winds and 
weather signs. It is also known that in India 
rain measurements were made as early as 
the fourth century B.c. and that wind vanes 
were used in thg first century B.c. 

Perhaps the first meteorological instru- 
ment with a reacting substance was the 
hygroseope of Cardinal de Cusa (1401-1464) 
for determining humidity by weighing balls 
of wool under various moisture conditions. 
In about 1500, Leonardo da Vinci con- 
structed an improved wind vane and a me- 


chanical moisture indicator. The period of 
exact weather observations had its beginning 
in about 1590 with the invention of the ther- 
mometer by Galileo and Sanctorius of Padua. 
In 1643, Torricelli, a pupil of Galileo, in- 
vented the barometer known as ‘‘ Torricelli’s 
tube.’’ Five years later, Pascal persuaded 
his brother-in-law, Perrier, who lived near 
Puy-de-Dome, a mountain in southern 
France, to ascend the mountain to determine 
whether the height of the mereury column in 
the barometer would diminish with altitude. 
Perrier’s observations disproved the old be- 
lief that and 
showed conclusively that atmospheric pres- 
sure diminishes with altitude. 

The transition from visual to instrumental 


‘“nature abhors a vacuum,’’ 


observations, or rather the movement toward 
exactitude in the field of meteorology, was 
attended by a long series of discoveries and 
inventions. Pendulum anemometers for mea- 
suring the force of the wind were erected in 
Bologna and in Florence by the astronomer 
Egnatio Danti, about 1570. The Italians also 
developed the rain gauge, which was first 
used by Beneditto Castelli. Other discov- 
eries contributing to the science of meteorol- 
ogy were: the condensation hygrometer for 
measuring moisture in the atmosphere, by 
Ferdinand II of Tuscany in 1650; the law 
of ‘‘the Spring of the Air,’’ discovered in 
1660 by Robert Boyle and later named after 
him; the meteorograph, by Wren in 1664; 
the introduction of the freezing point and 
boiling point of water as reference points on 
the thermometric scale, by Huyghens in 
1665; the Fahrenheit scale in 1710; the hair 
hygrometer, by de Saussure in 1783 (de 
Saussure also showed that damp air is lighter 
than dry air at the same temperature and 
pressure) ; the wind force scale, by Admiral 
Beaufort in 1805; the psychrometer by 
August in 1825; the pyrheliometer for mea- 
suring the sun’s heat, by Pouillet in 1837; 
the aneroid barometer, by Vidie in 1847; 
culminating with the perfecting of the radio- 
sonde (radiometeorograph) for radioing 
from aloft values of atmospheric tempera- 


261 











262 THE SCIENTIFIC MONTHLY 4 


= 


ture, pressure, and relative humidity, by 
Diamond and Hinman of the Bureau of 
Standards in 1936. 

Since winds were obviously of paramount 
importance in the era of sailing vessels, we 
find von Verulam announcing, in 1624, the 
rotation of the winds with the sun; while in 
1686, Halley gave the first account of the 
trade winds and the monsoons. Thus was 
attention soon directed to such traveling dis- 
turbances as cyclones and tropical storms. 
Already in 1687, Dampier recognized ty- 
phoons as revolving storms; this was also 
found to be true of cyclones by Brandes in 
1820, and of hurricanes by Redfield in 1840. 
Perhaps the most significant discovery of 
this kind was that of Franklin in 1747 when 
he found from but two observation points 
that the local weather may be a small part of a 
meteorological configuration passing over the 
country. Franklin had planned to observe 
an eclipse of the moon in Philadelphia; he 
wrote his brother in Boston requesting him 
to make similar observations from there. On 
the day of the eclipse it was stormy in Phila- 
delphia with rain from the northeast. 
Franklin learned later, and to his surprise, 
that it was clear in Boston at the time of the 
eclipse but that soon thereafter a northeast 
rain occurred. Hence he discovered that 
though the rain as it fell appeared to come 
from the northeast, the storm actually trav- 
eled northeast from Philadelphia to Boston. 

The study of heat and thermodynamics 
which underwent a considerable development 
in the first half of the nineteenth century con- 
tributed much to the science of meteorology. 
Watt had invented the steam engine in 1765, 
and Lavoisier had established the true nature 
of the atmosphere in 1783. The law of par- 
tial pressures pertaining to a mixture of 
gases was given by Dalton in 1800, thus mak- 
ing it possible to determine the individual 
pressure of water vapor in the atmosphere. 
Dalton also wrote an epoch-making paper on 
the effects of rarefaction and condensation, 
which laid the foundation of modern physi- 
cal meteorology. Carnot’s book, Réflerions 
sur la puissance motrice du feu, written in 
1826, introduced the so-called Motor Age 
leading to modern transportation and pres- 
ent-day aviation with its profound influence 
on meteorology. In 1830, James P. Espy 


announced the important principle 
cooling of air as it rose and expanded, and 
1841 he published his Philosophy of Storms 
which he stated the importance of the o 
pansion of rising air in the formation 
thunderstorms and clouds. Almost sim, 
taneously, Dove published his theory 
storms with indications that storms origina: 
when polar air and tropical air are brow 
into juxtaposition. This was followed 
1856 by Ferrel’s theory of general circulatioy 
in which, by the application of dynamic t} 
ory, he showed the effects of the earth’s ro: 
tion on a mass of moving air. 

While the observations of Tycho Bra 
from 1582 to 1598 comprise the earliest gys 
tematic meteorological records, we find ¢! 
Chevalier de Lamarck (1774-1829) working 
with Laplace, Lavoisier, and others in estab. 
lishing a network of observing stations, and 
publishing a series of Annuaires Météor 
logiques from 1800 to 1815. The earliest 
record of synoptic weather charts is, how. 
ever, accredited to Brandes who, in 182 
produced a series of daily weather charts 
one for each day of the year 1783, and w 
later published charts of the great storms o! 
1820, 1821, and 1823. He explained thes 
storms as due to barometric depressions ai: 
vancing from west to east over the earth’: 
surface. 

In America, Espy carried out similar re. 
searches; he established a service of dail; 
synchronous observations and studied in de. 
tail the behavior of depressions. The work 
of Lamarck, Brandes, Espy, and others led 
to the establishment of networks of meteoro- 
logical stations in several countries within 
the years of 1850-1856, the Meteorologica 
Office in London having been set up in 1854 
International cooperation was first estab- 
lished by an international conference held in 
Brussels in 1853, and was put on a sound 
basis by an international congress in Vienna 
in 1873. Meanwhile, in 1860, Buys-Ballot 
announced the so-called barie wind law which 
states the relation between wind and pres- 
sure distribution; namely, if the wind is 
your back, the pressure is lower on your leit 
than on your right in the Northern Hem: 
sphere; and oppositely for the Southern 
Hemisphere. The first map of pressure dis- 
tribution over the entire world was produced 
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by Buchan in 1869; it was followed by 
Mohn’s storm atlas in 1870. 

An interesting sidelight influencing the 
advent of weather maps occurred during the 
Crimean War (1854-1856), when a storm in 
the Black Sea caused considerable damage 
to the French fleet, especially to the battle- 
ship Henri IV. About this time, the as- 
tronomer Leverrier had won world renown 
bv forecasting the existence of a new planet. 
Napoleon III apparently thought that if 
science could predic: the whereabouts of 
hitherto unknown planets it could also fore- 
east storms and weather. He therefore 
charged Leverrier with the difficult task of 
organizing a system of weather forecasting. 
Since there were no weather bureaus or or- 
ganized system of reporting, Leverrier had 
to eall upon observatories, universities, and 
a few observing stations that kept meteoro- 
logical logs for data. From this material 
he plotted primitive weather maps by means 
of which a ‘‘post mortem’”’ study of the Black 
Sea storm could be made. He found that the 
storm could be traced from one weather map 
to another and that it moved along a regular 
path and with fairly constant speed. The 
conclusion drawn was that if observations 
were made at a large number of stations and 
if reports could be transmitted with sufficient 
speed to a central office, one could by plot- 
ting and by analysis extrapolate a storm’s 
future movement. 

Naturally these results created a wave of 
enthusiasm, and the second half of the cen- 
tury saw weather bureaus established in 
several of the civilized countries of the globe. 
However, it was soon found that the problem 
of forecasting was more intricate than antici- 
pated. Since at this time little was known 
of the normal state of the atmosphere, it was 
difficult to understand the perturbations 
superimposed upon it. The methods of fore- 
casting were based mostly on statistics and 
rules of thumb, which were generally of local 
or regional value only. So the optimism 
created by Leverrier’s report was soon fol- 
lowed by a period of dormancy which pre- 
vailed more or less until World War I when 
the problem of weather forecasting was at- 
tacked with renewed vigor and determina- 
tion. In fact, the development of aviation 
since World War I has provided a greater 


stimulus for a rebirth of meteorology than 
the entire previous history of man. 

In the United States, Professor Cleveland 
Abbe, Director of the Observatory in Cinein- 
nati, with the assistance of the Western 
Union Telegraph Company, undertook, in 
1869, to gather data and forecast storms. 
The results were so uniformly successful that 
the organization of the Weather Service as 
part of the Signal Service under the War 
Department occurred the following year. In 
1891 the Weather Service was made a sepa- 
rate bureau and placed under the Depart- 
ment of Agriculture; and, under the able 
leadership of men like Harrington, Moore, 
Marvin, and efficiently 
gathering data from hundreds of stations 
over the United States, analyzing it, and 
broadeasting the results in but a few hours. 
By authority of the Air Commerce Act of 
1926 and the Civil Aeronautics Act of 1938, 
the Weather Bureau is today charged with 
the responsibility of furnishing an adequate 


Gregg, has been 


meteorological service for aviation in order 
‘‘to promote the safety and efficiency of air 
navigation in the United States and above 
the high seas.’’ 

In constantly endeavoring to maintain as 
complete a service as possible, the Weather 
Bureau has established about 550 stations at 
fairly regular distances apart along the civil 
airways in the United States, Alaska, and 
Hawaii; and, in addition, over 250 stations 
rather uniformly distributed off the airways 
for reporting weather. Reports are col- 
lected by teletype and radio from airway sta- 
tions, and by telegraph and telephone from 
off-airway stations. These reports are then 
relayed to required points along the airways 
by the Department of Commerce radio and 
teletype systems. About 140 of the fore- 
going meteorological stations are equipped 
for taking upper-air wind observations by 
means of pilot balloons; while approximately 
thirty stations are equipped for taking radio- 
sonde observations in which instruments ear- 
ried aloft by balloons report conditions of 
temperature, pressure, and humidity by 
means of radio. At about 150 important 
airway terminals, qualified meteorologists of 
the Weather Bureau are on duty twenty- 
four hours a day, charting and analyzing 
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weather reports and discussing the meteoro- 
logical conditions with pilots of the airlines. 

In the past, almost all the observations 
used in the forecasting of weather were taken 
at or near the earth’s surface, little use being 
made of observations taken at high altitudes. 
In recent years, however, upper air condi- 
tions and movements have been studied, and 
as a result changes have been made in the 
theory of formation and structure of cyclonic 
storms. The polar front theory of the forma- 
tion of cyclones and the method of air mass 
analysis used in forecasting weather condi- 
tions were developed largely by the Nor- 
wegian school of meteorologists. 

Since upper air analysis, so important in 
weather forecasting, is contingent upon mete- 
orological information concerning the upper 
air, a brief sketch of the development of 
this phase of the science seems apropos. The 
first scientific balloon ascent was made 
in Paris by Charles in about 1803. Other 
ascents were made by Glaisher from 1862 to 
1866. From 1890 on, sundry mountain ob- 
servatories were erected to record the various 
meteorological conditions of the free atmos- 
phere; in the United States, the pioneer 
mountain observatories were set up on Mount 
Washington and on Pikes Peak. Balloons 
and kites carrying instruments were also 
used with increasing frequency to obtain 
observations from the upper atmosphere. In 
1901, Suring and Berson reached an altitude 
of 35,400 feet in a free balloon. <A year 
later, Teisserene de Bort and Assmann dis- 
covered the stratosphere; and, shortly there- 
after, Gold and Humphreys gave a theoreti- 
eal explanation for the formation of the 
tropopause. However, simultaneous obser- 
vations from the free atmosphere in large 


numbers and over large areas were obtaip. 
able only after the airplane and the raqj 
came into general use. The findings 
Stevens and Anderson, who in 1935 ascended 
to a height of 72,395 feet above sea-level jy 
the Explorer II, added considerably to +} 
fund of knowledge in meteorology. 

The vast uninhabited regions in the are: 
and the antarctic were tempting fields for 
exploration, and much information 
brought home by numerous polar expediti 
to enhance our steadily growing know! 
of polar meteorology, a typical example being 
the work of Admiral Byrd at Little Amer 
Another feature of considerable interest 
meteorology are the early ideas of way 
motion in the atmosphere promulgated by 
Helmholtz and modified later by Solberg 
1928. Perhaps the most outstanding achieve. 
ments of the past quarter century in this fi 
are the discovery of the polar front, the way 
theory of cyclones, the air-mass and front: 
methods of weather forecasting initiated by 
V. Bjerknes and his collaborators in Norway; 
and the method of isentropic analysis as 
initiated by Rossby and his collaborators 
the United States. 

A sense of accomplishment and genuin 
satisfaction attend the learning of the vaga- 
ries and reasons for the weather, for one o! 
the most fascinating phases of knowledge lies 
in the ability to answer the question ‘‘ why”’ 
with regard to natural phenomena. 

Although the application of the use of ex- 
pert meteorological prognostication in th 
present war should probably not be discussed 
in special detail for the duration, after the 
war an important chapter on this phase will 
undoubtedly be written revealing the re- 
markable happenings in this field. 
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SCIENCE WITHOUT EXPERIMENT: 
A STUDY OF DESCARTES 


By RUFUS SUTER 


A Few years ago Greta Garbo in the role 
of Queen Christine spoke of the Frenchman, 
René Descartes (1596-1650). This was one 
of the few times the name of a professional 
thinker has been mentioned on the screen; 
but if Descartes could have heard he might 
have been sad, for his few months as tutor 
to that royal lover of the strenuous life 
ended in his death. The scholar, who for 
years had been used to his bed until after- 
noon, could not withstand the rigors of a 
horseback ride at sunrise, which was the 
Queen’s idea of the proper setting for a 
philosophie lecture. 

There is propriety in remembering Des- 
cartes in the aura of a Garbo play. Some 
quaint shots could be made of the philoso- 
pher as a young soldier on the Danube in the 
service of the Duke of Bavaria, Maximilian. 
This was the beginning of the Thirty Years 
War, so notorious for its cruelties and relig- 
ious fanaticism, though for Descartes little 
of the morbid side of the military life was 
evident. His time was spent in mathemat- 
ical discussion with army engineers. One 
wonders how a soldier could have avoided so 
successfully the harsher experiences of war. 
But Descartes had the ability to take his ease 
in spite of environment, at any rate until he 
visited Queen Christine. 

A picturesque shot could be made of the 
soldier snowbound for a day while returning 
to the army from Frankfurt where he had 
watched the coronation of the Holy Roman 
Emperor, Ferdinand. Alone and seated by 
a stove he made his discovery of the basis of 
true science, as the climax of a period of 
dreams and religious exaltation. He sug- 
gests Buddha sitting under the Bo tree 
rather than his Italian contemporary, Gali- 
leo, who laid bare the basis of science while 
measuring the speed of balls rolling down an 
inclined plane. 

The most romantic feature about Des- 
cartes, however, is that in the hut near 
Frankfurt he discovered a scientific method 
which is not the one we know at present. 


It requires effort for us today to under- 
stand a technique in physics, chemistry, or 
the like, other than that of experiment and 
observation. The effort is hardly less than 
that needed to conceive of a non-Pythagorean 
arithmetic or a non-Euclidean geometry. We 
will find it worthwhile, nevertheless, to re- 
capture the technique of Descartes, because 
an understanding of why it failed will help 
in the appreciation of why the more prosaic 
technique of the master mechanic, Galileo, 
succeeded. 

Before looking at his method we must pay 
attention to the historical circumstances in 
which it was born. We must guard against 
reading our acceptance of the experimental 
method into the minds of the first two or 
three generations of scientists; against pic- 
turing them as single-mindedly loyal to the 
principle of experiment in their revolt 
against the ancient teachings of Aristotle in 
the schools, churches, and learned communi- 
ties of Europe. Although the fathers of 
modern science were at one in their struggle 
to dislodge the arid expositors of Aristotle, 
the fact is that like many another revolu- 
tionary party their unanimity stopped with 
their agreement about their common enemy. 
Otherwise they fought among themselves. 
After the foe had been overcome, several 
generations were needed to liquidate the 
right wing, of which Descartes was the leader. 
Only then did the left wing, the familiar sue- 
cession of Galileo, Boyle, Newton, and Watt, 
have the chance to accomplish its mission. 

To be more specific: struggling to dislodge 
the expositors of Aristotle were, on the one 
hand, men later known in the history of 
ideas as the empiricists, from the Greek 
éumecpia, meaning ‘‘experience,’’ and ulti- 
mately from meipa, a ‘“‘trial,’’ suggesting 
that knowledge is the fruit of trial and error 
in the handling of the familiar things of 
everyday life. This technique, among specu- 
lators about the sources and limits of knowl- 
edge, eventually became refined so that the 
scientists themselves who used it would not 
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have recognized it. In its eruder form, how- 
ever, in which it has been wielded for ages 
by artisans and engineers, and by the most 
inventive of the early modern experimenters, 
Galileo, it was practical and it acted as a 
bombshell in the camp of the Aristotelians. 
On the other hand, there were the de- 
fenders of the new rationalism (from ratio, 
‘freason’’) of whom Descartes was the in- 
spiring genius. The word ‘‘new’’ is used 
significantly because the Aristotelians, en- 
trenched in the churches and colleges, what- 
ever may have been their failings, were 
themselves defenders of reason. To them, 
indeed, empiricist and new rationalist alike 
owed the ideal of consistency. But the scho- 
lastic mind had become cluttered with end- 
less hair-splitting and with a slavish clinging 
to the letter rather than to the spirit of 
Aristotle’s texts, so that Aristotelianism, for 
the time at least, had outlived its usefulness. 

It is little short of astonishing how the 
champions of Descartes, illustrious and le- 
gion for more than a century, have been for- 
gotten. One,suspects that few of the fol- 
lowing names will be familiar. There were 
physicians like Regius (Henry de Roy or Le 
Roy), at Utrecht, who after 1639 became 
Descartes’ foremost representative in Hol- 
land, the first country to receive hospitably 
the new philosophy ; Louis De La Forge, pro- 
fessor at the university of the French Protes- 
tants at Saumer, though himself a Catholic; 
and the Neopolitan Giovanni Alfonso Borelli 
(1608-1679), the most gifted of the Car- 
tesian physicians and physiologists in Italy. 
There were also many physicists. The names 
of a dozen could be gleaned from a history 
of Cartesianism. Least unfamiliar will be 
Jacques Rohault (1620-1675), translations 
of whose work were used at Cambridge until 
the books of Newton made them obsolete ; and 
Cardinal Gerdil (1718-1802) whose treatise 
was one of the last and ablest of the defenses 
of the Cartesian physics. 

Descartes was not neglected even by the 
poets. Expositions of the new system were 
written in verse by Abbé Genest (1639-1709) 
and by Benedetto Stay (1714-1801), Latin 
poet, born at Ragusa, who become secretary 
to three Popes. But the master influenced 
literature in a subtler way. His Discourse 
on Method was the first philosophical work 
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to reveal the clarity and precision of ; 
French vernacular. French literature of ; 
classical period, under the spell of Descartes 
became concerned with exhibiting the exep 
lence of reason in human conduct, in contras: 
with the emotions. 

The prestige of Cartesianism affected +}; 
law. There was Henri Francois Dacuessea 
(1668-1751), Chaneellor of France, who was 
so zealous a French patriot that he refyseq 
to license the publications of the Newtonians 
In the eighteenth century, indeed, it grew ; 
be a matter of patriotic duty as well as phil 
sophie truth that loyal Frenchmen should 
champion Cartesian rationalism at the ex. 
pense of British empiricism. One suspects 
that patriotic fervor sometimes was 
stronger motive. An achievement of VY 
taire, showing his extraordinary 
mindedness, was that he dared defend Ney. 
ton in France. 

Indeed, the Cartesians, although at firs! 
they suffered persecution at the hands of t 
conservative Aristotelians, whether Catholi 
or Protestant, ended by becoming powerful 
in science, philosophy, literature, law, the- 
ology, and education. Seldom in moder 
times, unless one considers the wide cultura 
influence of Darwinian evolution, Marxism, 
and the Freudian psychology, has an intel- 
lectual movement pervaded so many depar'- 
ments of life. The wonder is that its power 
fell as rapidly as it did before the attacks 
of the empiricists. 

With these preliminary remarks we are 
ready to look at the Cartesian method. In 
order to understand the Cartesian method 
it is important to remember that Descartes 
was above all a mathematician. Applying 
algebraic means to geometrical analysis he 
systematized what we now eall Analytic 
Geometry. It was really the method he used 
in these studies that he tried to generalize 
into a method for all scientific inquiry. 

Since the Cartesian procedure grew out of 
mathematical study, the scientists who fa- 
vored him were armchair thinkers rather 
than mechanics. They needed no other 
equipment than a quill, a ream of paper, and 
some ink to unravel from their minds any 
amount of closely knit reasoning. 

The four rules of method which the master 
gave in his Discourse at first glance seem 


open- 
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The basic one concerns the criterion 
ection of the ideas which we should 


trivial. 


for sel 
hold : 

Not to accept anything for true which I did not 

clearly know to be such; that is to say, carefully to 
avoid precipitancy and prejudice, and to comprise 
nothing more in my judgment than what was pre- 
sented to my mind so clearly and distinctly as to 
exclude all ground for doubt. 
We should accept only ideas that are obvi- 
ously true. This rule in a laboratory would 
be inane. The laboratory assistant is not 
eoncerned with what he knows, but with the 
precision of his instruments and the accu- 
racv of his recordings. The advice does, 
however, pierce to the point for the sheer 
thinker who is marshalling axioms and defi- 
nitions to prove a geometrical theorem. 

The remaining rules also are the report of 
technique by a case-hardened mathematician. 
His advice concerns analysis of a theorem to 
be proved into its parts, order of steps in 
proof, and exhaustiveness : 

To divide each of the difficulties under examination 
into as many parts as possible and as might be neces- 
sary for its adequate solution. . . . To conduct my 
thoughts in such order that, by commencing with 
objects the simplest and easiest to know, I might 
ascend by little and little, and, as it were, step by 
step, to the knowledge of the more complex; assign- 
ing in thought a certain order even to those objects 
which in their own nature do not stand in a relation 
of antecedence and sequence. . . . In every case to 
make enumerations so complete, and reviews so gen- 
eral, that I might be assured that nothing was 
omitted. 


A mathematical student will be aware that 
these rules involve an important factor not 
explicitly mentioned. This is the use of in- 
tuition (‘‘elear and distinct ideas’’). In 
the end one depends upon intuition for the 
discovery and choice of axioms, for the 
shrewd breaking-up of the problem into 
parts, and for the efficient and solution- 
conducive order in steps of proof. There are 
no rules for guiding intuition. Practice 
helps, but if one does not have happy in- 
tuitions one will be inept even at mathe- 
maties of high-school grade. 

Intuition is the key word of the Cartesian 
method. If Descartes and his followers had 
confined their ‘‘clear and distinct ideas’’ to 
mathematics, the struggle between the right 
and left wings of the scientific party would 
never have occurred. But Descartes had 


Sitting in his armchair he 
matter : 


other intuitions. 
became aware of the 
Matter = extension. This 
peared to him with all the certainty of the 


essence of 
proposition ap- 


proposition that the straight line is the 


shortest distance between two points. He 
toyed with his intuition of matter, passing on 
to other distinet ideas.’’ A 
vacuum is an impossibility. If matter = ex- 
tension, an extension which is not matter is 


‘clear and 


absurd in the same utter way as a plane 


area bounded by three sides which is not a 


triangle. An atom (in the classical sense of 
least reducible particle) 
because extension is precisely that sort of 
thing which can be halved indefinitely. 
Conceiving of motion as a push applied to 
matter at the Creation, Descartes developed 
his Theory of Vortices or whirlpools in mat- 
ter. By this conception, analogous perhaps 
to some forms of the modern electron theory, 
he tried to explain all physical phenomena: 
the motions and genesis of the heavenly 
bodies, the nature and transmission of light, 
weight, physiological and biological proc- 
esses, and the existence of apparently discrete 
bodies like stones, blades of grass, the sun, 
comets, and planets. The Theory of Vortices, 
in short, played the same role in his natural 
philosophy as the atomic theory has in others. 
An additional intuition about motion 
was that, since the primal ‘‘push,’’ it has 
been constant. Transfers take place, but no 
motion has ever gone out of existence and 
none ever has or will come in. This is the 
Principle of the Conservation of Movement. 
In this process of moving from one clear 
and distinct idea to another, Descartes de- 
vised his own laws of motion which stand in 
curious contrast to those of Newton. The 
Frenchman’s primary laws of motion were: 
I, each thing perseveres in its state until a 
new cause supervenes which destroys it; 
II, no particle of matter ever tends to con- 
tinue its motion in a curved line, but instead 
in a straight line; ITI, a body in motion which 
encounters another loses its determination, 
but not its movement: His seven secondary 
laws concern communication of motion, and 
are in error. Descartes made it impossible, 
finally, for his followers to adopt the popular 
conception of Newton’s gravitation, accord- 
ing to which it is an occult force traversing 


is an impossibility, 


‘ ? 
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empty space. In the Cartesian world motion 
is transmitted only by contiguous bodies, so 
that force playing upon objects at a distance 
is unthinkable. 

The first reaction one has to this array of 
speculation is a lively impression of its au- 
thor’s genius. Descartes was the creator of 
a technique in thinking by which he was able 
to give the world a new branch of mathe- 
matics, a new physics, a new cosmology, and 
But how successful was 
the Cartesian method? How much of this 
new science is true? Here praise must be 
qualified. The mathematical contribution 
was sound and was a preliminary to the in- 
vention of the Calculus by Newton and Leib- 
niz. The general intuitions, moreover, were 
fruitful : that matter is of one kind through- 
out the universe; that there are laws of na- 
ture according to which all motions take 
place; and that all physical happenings, in- 
eluding physiological and biological proc- 
esses, are explainable in. terms of matter in 
motion. These constituted a platform shared 
by Galileo and his partisans as well as by the 
Cartesians, and for three centuries the in- 
sights have proved of indispensable worth 
to scientific enterprise. But when we come 
to evaluate the specific contributions of the 
Cartesians to science, we must admit that 
aside from Analytic Geometry, the Prin- 
ciple of the Conservation of Movement, and 
the insight that air has weight, there were 
perhaps none—nothing to compare with the 
host of laws discovered by Galileo, Boyle, 
Kepler, and Newton, and no specific inven- 
tion to revolutionize industry like the steam 
engine of Watt. 

Why did the Cartesian method fail? It 
worked in mathematics. Why should it not 
also have worked in the other sciences? 
We still have enough of the Cartesian left 
in us to imagine proudly that the universe 
is arranged according to our mathematical 


a new physiology. 
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ideas, and that if we could grasp t'! 
axioms and other basic concepts, we 
unravel the laws of nature withon{ 
recourse to experiment and 
Galileo himself had some of this bra, 
he liked to boast oceasionally that he 
experiment to prove to those less wise ; 
he what he already knew. But the y 
tunate fact remains that we are never ; 
certain whether our mathematical reaso 
holds true of nature; whether our ax 
are true; or whether our definitions 
not conventions of language rather 
statements about things. Indeed, we 
not even certain that the universe is w! 
rational, that is, open in its uttermost di 
to the pure reasoning powers of us | 
mortals. This uneertainty infecting 
minds when we reason about things 
created by our reasoning is one of the causes 
for the failure of the Cartesian method 
The question of the inadequacy of the | 
a priori road in science is too difficult + 
disposed of here. History will bear us 
if we restrict ourselves to the modest ass 
tion that the technique of pure mathemat 
is not enough when the thinker seeks t 
code the laws of physics, chemistry, phys 
ology, or of any other science treating oi 
things in the physical world and presumat!| 
independent of our personal reasoning 
its. The thinker must quit his armchair and 
go into the laboratory where there are vern 
seales, clocks, lenses, and other instruments 
to refine and augment the powers of 
senses. There he must ignore, as much as 
possible, what his reason tells him ought 1 
be, and allow his judgment to be molded by 
facts largely alien and uncontrollable. Lik 
Galileo he must study things in the same wa) 
as does the carpenter or plumber. His work- 
shop has little in common with the snow- 
bound hut where Descartes had his vision 0! 
the basis of true science. 
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THE GIANT FRESHWAT 


ER PERCH OF AFRICA 


By E. W. GUDGER 


4. that dark continent of great lakes 
ehty rivers, lving under the tropic 
is many ichthyological rarities. Like 
rhbor across the Atlantic, it is a con- 


of eatfishes. soulenger, the ereat 
ty on African fishes, states that there 
out two hundred species of Siluroid 
fches in its waters. So far as I know, no one 


s estimated the number of species of these 
But I 
shown elsewhere, there are surely three 


es in South American rivers. as 
id possibly thirteen kinds of giant catfishes 
On the other hand, Africa 


physical conditions very much the same, 


these rivers. 


be expected to produce a whole flock 


creat Siluroids; but for some unknown 
eason, it has not produced even one catfish 
vorthy of mention because of its size. 
Indeed, Africa’s only giant freshwater fish 
is a percoid, Lates niloticus, the Nile perch. 


it is literally a giant perch, reach- 
Its distribution is 


However, 
ng a leneth of six feet. 


no 


a curious one. Although found throughout 
the Nile from Lake Albert to its mouths, the 
Nile perch is not peculiar to the Nile, but is 


found also in the laree western-flowine rivers 


the Seneeal, Niger, and Coneo Kor some 
t from the Zam 


reason, 1 
besi and other South African rivers 


Is absent 


unknown 
As we 


shall see, it has lone been known in the 
Eevptian Nile and its portrait was painted 
in remote antiquity 

The Nile perch is not only the largest 


freshwater fish in Africa, but also the largest 


the world Laree 


t or 4) i 


the Sports Club in London there 


freshwater pereoid in 


specimens run ordinarily to feet in 


At 


le neth 


was recently a preserved (mounted?) speci 
men of a Lates whose weight was given 
as 253 pounds. It was said to have been 


t 
t 


in Lake No, at the junetion of the 
with the Bahr el Jebel or Nile 
Lake No to 


Lortet and Gail 


caugh 
Bahr el Ghazal 
Another 
have weighed 280 pounds. 


proper. from Is said 
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lard (Archives Museum d’? Histoire Naturelli 
de Lyon, 1903, Vol. 8, pp. 185-190) measured 
one 71 inches long, and state that they had 
seen caught at Assuan several individuals 
over two meters long—probably more than 80 
inches overall; but they do not say that they 
actually measured these specimens. At the 
time of the publication of his book, The 
Fishes of the Nile (1907), Boulenger gives as 
the attested record Lates known to him, one 
taken a few miles up the Sobat River, the 
most southern Nile tributary from Abyssinia, 





worshipped as a divinity of the 
and for this reason, in Graeco-Ro) 
the town was called Latopolis 
the Lates fish. 

At Esneh, Lates mummies have | 
in great numbers buried at shall 
in a sandy plain near the town. | 
tion of these mummies showed that 
specimens had each had an abdo 
cision made to permit easy entran 
mummifying solution. Then eacl 


evidently been subjected to prok 








{fter Lortet and Gaillard 


FIG. 2. MUMMIFIED SACRED FISH, LATES, EXTERNAL VIEW 
FROM ESNEH, UPPER EGYPT. SHOWING LINEN SWATHINGS AND LASHING CORDS THAT FORM THE M| 


in about 9° N. Lat. This great perch was 73 
inches in length, 55 inches in girth, and 
weighed 266? pounds. 

Little is known about the natural history 
of this splendid fish, which is beautifully por- 
trayed in Boulenger’s drawing (Fig. 1). 
Efforts made at Cairo to keep large speci- 
mens in the Aquarium were not successful ; 
they fed ordinarily on live fish but lived only 
a few days or at most a few weeks. However, 
some young specimens thrived and grew rap- 
idly, often at the expense of their smaller and 
weaker brethren who mysteriously disap- 
peared—evidently down the gullets of their 
stronger cannibalistic fellows. The word 
Lates is derived from the Greek word latos, 
the name for a perch-like fish of the Nile, 
and is now restricted to this particular form. 

The ancient Egyptians were animal wor- 
shippers and it is interesting to note that 
they did not overlook the superb fish which 
we know as Lates niloticus. It was much 
venerated by them and its mummified re- 
mains, scattered throughout the valley of the 
Nile, are very numerous. There was a spe- 
eial cult of Lates at Esneh on the Nile in 
Upper Egypt (Lat. 25.4° N.), where it was 


mersion in a strone brine from one 
Egyptian natron lakes, but there was 1 
dence of the use of asphalt or bitw 
(This was ascertained by making a cher 
analysis of the flesh of the fish and of 
wrappings.) Next the fish was swathe 
linen cloths, and these were secured by ima 
circumferential windings of cord. Thes 
turn were held in place by a longitud 
cord (Fig. 2). The euring in pickle 
have been done after the fish had 
wrapped. Finally, the mummified fis! 
buried in the dry sand. 

Thus prepared and buried, these mu 
in the dry air and dry sand of Upper Es 
have “‘kept’’ perfectly and when ex! 
after twenty-five centuries are found, a 
ing to Lortet and Gaillard, to possess al 
as much animal matter as dried codfis! 
our markets. Figure 3 shows what 
found when the wrappings (seen in Fig. 2 
were removed, and when the dried salty s 
in which the fish had been pickled had 
wiped off with a damp cloth. This fis 
been marvelously preserved. Note not 
the splendid form of the body, but th: 
derfully preserved scales and lateral |i 
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MUMMIFIED LATES UNWRAPPED 


SH HAS BEEN PERFECTLY PRESERVED, EVEN 


vs. and membranes. Most notable of 


s the fact that even the very eveball is 
ntact. Many such finely preserved speci 
ns were about five feet long. 

There is a large animal cemetery at Gurob 
ou the border of the district of the KFavum 
on the west bank of the Nile about sixty 
miles south of Cairo. Fifty burial pits here 
were exhumed by L. Loat and reported on 
in 1904 (Egyptian Research Accounts, X. p 
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being mummified, the flesh has gone, leaving ~— 
only the loose bones, or sometimes rather eto, 
complete skeletons, as Loat’s photographs / ge eTon, 
show, In the photographs, sometimes the ee. 4" (1 
outline of the fish’s body shows quite plainly. | {> 9 i 
Study of these remains of large fish showed Noa bth 
that the abdomen of one had been opened - 
(the vital organs probably removed) and the 
cavity filled with ashes, while the mouth and Figs. x2 from Russenger’s 
eill openings of another large specimen had FIG. 5. GREEK COINS OF LATO . 
been filled with ashes. This looks as if some “SSN? COINS SAID TO PORTRAY THI 5 
attempt had been made to use ashes as a Rahotep, high priest of Heliopolis 
help in preservation, but Loat repeatedly of the Sun). is an easily recognizah 
notes ‘‘no preservatives’’—such as was used — sentation of the Nile Perch (Fie. 4 
on the Esneh fish. Desiccation and slow oxi- a large specimen of Lates (apparent 
dation have left nothing but the hard parts. 5 feet lone’) is carried on the lone | 
The rough outline of the body in some cases a paddle supported on the shoulders 
(as shown in Loat’s photographs) is prob- men. This figure closely resembles 
ably due to the scales on the under side of drawn for Boulenger. Even sey 
the body remaining somewhat intact. Thus nine dorsal spines are shown, the eie 
one fish, it is said, measured ‘‘5 feet 6 inches ninth being so incorporated in the sof’ 
long, and nearly 2 feet in depth.”’ fin as to be easily passed over. Acco: 
These remains of Lates ranged from small an Kev ptologist, the Medum = Lat 
to large. Loat repeatedly speaks of large painted about 2780 B.c.; thus it is p se 
specimens, and for the better preserved fish the oldest figure of a fish of historic times ; 
gives measurements: 5 feet; 5 feet and 2 But the Egyptians were not content 
inches; 5 feet 6 inches (2 specimens, one portraying the fish in a painting. B 
‘‘nearly 2 ft. deep’’); and last of all, ‘‘one writes that in 1899 he was shown 
large fish, nearly 6 ft. long.’’ From this bronze model, 115 millimeters lone, w! a 
one must not conelude that Lates erew larger once sugevested to mea voung Lates nm ent 
in olden days, but that the fishery then was This model contained a mummy of as stones 
probably less efficient than today and the _ fish, the loose bones of which I have bee: 192) 
fish had a better chance to attain full growth. to examine and to identify as thos os 
It is interesting to note that in contrast young Lates.”’ piss 
to burial pits for oxen and goats at Gurob, Boulenger states that, on certain pa 
the pits for fishes were more carefully dug, Greek coins of Latopolis, there are repres Tha 
and in many cases only a single fish was tations of a fish which he and Russev: — 
found in each pit. If two or more fish were ognize as Lates (Fig. 5). It is noted by It “rs 
buried together, a certain order was ob-_ sever, from whom the figures of the coins “ 
served: either they were laid side by side, copied, that on the reverse side of ea pein 
or head to tail, or placed in layers, and in no is found an effigy of Hadrian, the Ii west 
case was any other fish or animal species emperor whose reign covered the years a 
found with Lates. These things indicate the 117-138. This establishes the fact that 1 doy 
ereat reverence in which the fish was held. coins were minted more than 1800 vears W 
Paintings of Lates are found on the walls However, a mere glance shows that the artis - 
of various tombs in Egypt, particularly on who cut the figure of the fish on the dir att 
those of Medum, which is on the left bank which the coins were struck, was not pip 
of the Nile between the river and the Fayum, same class with the painter who d hanes 
about fifteen miles north of Gurob. On the  Lates on the wall of the tomb of Ral 
south wall of the mastaba (or tomb) of Medum, thousands of years earlier. a 
Y 














USING HYDROGEN TO SAVE COAL 


By PHILIP L. ALGER 


N one passes a high voltage substation 
electric power lines meet in a forest 
towers and insulators, one may see a 
steel cylinder with rounded heads. 
S , evlinder is probably the housing of 
rogven-cooled synchronous condenser 

speed generator of reactive electric 
r, rotating in a sealed tank of ninety 
seven pereent pure hydrogen (Fig. 1 

The first of these machines went into ser- 
vice in Pawtucket, Rhode Island, in 1928, 

t for seven vears before that time the, had 
been under development, and during the 
fifteen years that have followed, their use has 
continued to increase. Now they have be 
‘ome an important factor in meeting the war 
demands for electric power that have threat 
ened to exceed the country’s capacity to 
It would be difficult to find a better exam 
ple than the hydrogen-cooled generator of 
the birth of an idea in the atmosphere of 
pure science and its systematic and persis 
tent development bv cooperative effort into a 
reality of great practical importance. In 
1921, Dr. Willis R. Whitney, Director of the 
Research Laboratory of the General Electric 
Company, wrote a note (Fig. 2) to one of his 
young research assistants, Chester W. Rice. 
That note started a long train of events, the 
of which fully 
developed. Two results are that more elec 
than thought 
being produced from given amounts of cop- 


consequences are not vet 


tric energy was possible is 
per, steel, and other critical materials in the 
generating equipment on the one hand, and 
from given amounts of coal or oil fuel on 
the other hand. It has resulted in the sav 
ing of not less than one hundred and fifty 
thousand tons of coal during 1943 in the 
production of electric power in the United 
States. Since this saving will continue and 
ereatly increase, it will postpone the time 
when our coal mines will be exhausted. 

Dr. Whitney’s question arose because as 
irger and higher speed generators were 
ade, the heat dissipation and power loss 
associated with churning up such a heavy 


ventilating medium as air were becoming 


serious. But the idea of using a lighter gas 


did not solve anything—it merely opened up 
a whole series of other questions, such as 
What properties of a gas would be best for 
cooling electric venerators? 
What 
between 
What will be the effects of this eas on elee 


a best 


CAS provides the Compromise 


windage losses and cooling 
trical insulation ? 
shaft 


sealing, practicable for turbine driven gen 


Is a eas-tight enclosure, including 
erators? 

How about explosion risks if hydrogen is 
used ? 


What 


cedures, operating controls, and the auxiliary 


about filling and emptying pro 
equipment required ? 


Will the 


production costs, not to mention the cost of 


increased 





benefits justifv the 


development | 
Before a practicable result could be an 
ticipated, it was evidently necessary to an 
more that 
Chester 


swer these questions, and a lot 

would certainly be uncovered later 
Rice started, therefore, by making an inten 
sive Investigation of the free and forced con 
Early 


properties of @ases 


found that 


vection cooling 
in this study he eas VISCOSITY 1S 
a factor of the first importance in heat trans 
fer properties, and he was thus led to build 
on Langmuir’s stagnant film theory, which 
reduced the hopelessly complex convection 
heat 


Lanemuir’s earlier applica- 


problem to one ot conduetion in the 


steady state 
tion of the laws of conduction, radiation, and 
convection, derived from his film theory, en- 
abled him to more than double the efficiency 
of the extended 


these laws by the method of dimensions to 


incandescent lamp. Rice 
cover the analysis of the cooling of rotating 
machines, and he conducted a ereat number 
of experiments on numerous liquids and 
vases to determine practicable working for 
mulas. He found that hydrogen, with seven 
percent of the density of air, has seven times 
as much heat conductivity, fourteen and five- 


tenths times as great specific heat, and a 
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FIG.1. OUTDOOR SUBSTATION 


WITH HYDROGEN-COOLED SYNCHRONOUS CONDENSER, 


thirty percent greater coefficient of surface 
heat convection, making it clearly superior 
to all other gases for minimizing both the 
cooling and windage losses. 

His results were presented before the 
American Institute of Electrical Engineers 
and published in a fifty-page paper in the 
Transactions for 1923. The interest of engi- 
neers being thus aroused, a 6,250 kilovolt- 
ampere turbine generator was built, and 
was run in hydrogen for extended periods. 
This work showed that hydrogen gave the 
anticipated results so far as cooling and 
windage losses were concerned, proving that 
roughly twenty to twenty-five percent 
greater electrical output could safely be 
obtained from a machine of given dimensions 
if operated in hydrogen instead of air. This 
opened up a new train of development, as it 
suggested that steam turbine driven genera- 
tors of 25,000 kilowatts and larger could be 
built to run at 3,600 instead of 1,800 revolu- 
tions per minute. Such an increase in speed 
would make possible large increases in steam 
turbine efficiency. 

Numerous measurements were made of 


30,000 Kva, 11,500 VOLTS, 60 CYCLES, TYP 


temperature rise and windage losses 
different conditions; and twenty-five 
sions were set off in the generator \ 
ferent mixtures of air and hydroge: 
the basis of heat content, ignition of t! 
explosive mixture of air and hy 
(about five parts of air and two of hy«) 
should develop a pressure of about on 
dred and eighty pounds per square 
The tests showed, in fact, that exp 
risks could be discounted because thi 
mum pressure recorded over the full 
of mixtures was forty-five pounds per 
inch. However, later tests on a 12,500 
volt-ampere synchronous condenser 
before the rotor windings or coolers 
installed, developed a maximum inst: 
ous pressure of eighty-five poun 
square inch. Frames are readily des 
to withstand even these pressures. 
Meanwhile, tests of eight thousand 
duration were being conducted on el 
insulation exposed to high voltages 
and hydrogen. These demonstrate 
corona, due to dielectric stresses ex 


the ionization potential of the gas, 
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USING HYDROGEN TO SAVE COAL 975 


‘tle damage to organic materials in 

ren, whereas in air rapid deterioration 

Furthermore, in the absence of ox\ 

. damage due to an electrical failure 

mally confined to only a few coils, 

eas with open type air-cooled machines 

may spread with great rapidity and 

ve the entire winding beyond repair. 

hese conclusions gave hope for materially 

ereater insulation life and reduced mainte 
nance in hydrogen-cooled machines. 

All these results were reported to the 

American Institute of Electrical 

1925, arousing much discussion and stim 


Eneineers 


li 
ulating others to conduct similar investiga 
tions. Thus at an early stage in the develop 
ment of the invention not only the original 
nventor but others were actively at work on 
both theory and experiments. This open 
publication and the discussions of both 
theory and experiment long before any finan- 
cial returns had been received were possible 
only because the inventor was protected by 
a patent under the American patent svstem. 
In 1923, also, a United States patent was 
ssued to Max Schuler on the basis of claims 
filed in 1916; this patent was purchased by 
the General Electric Company. 

While the engineers were experimenting 
with a full-sized generator, Rice made an in- 
genious revolving disc apparatus in a bell 
jar for measuring windage losses in different 
With this apparatus he carried out 
experiments with air, hydrogen, and carbon 
dioxide at different atmospheric pressures. 
These experiments verified the proportional- 


Lases. 


ity of windage losses to gas density and gave 
valuable information on the design of venti- 
lating fans for hydrogen circulation. Rice 
reported these experiments in the May, 1925, 
issue of the General Electric Review. 

The question of how to prevent hydrogen 
leakage through the bearing clearances on a 
large turbine generator shaft now appeared 
as the limiting feature of design. To pro- 
vide for an adequate thickness of oil film in 
the bearing for both load carrying and ecool- 
ig purposes, it is necessary to have a radial 
clearance of the order of one thousandth of 
an inch per inch of diameter without whieh 
a prohibitive leakage would occur in the 
ibsence of a seal. Research work during the 
next two vears was concentrated on this 


problem, when the inventor developed a 


satisfactory liquid film seal. Vacuum-treated 
oll was pumped into an annular groove in a 
babbitted sealing ring dividing it into two 
streams flowing in opposite directions along 
the shaft, and draining it into two indepen 
dent 


sorbed by the oil on one side, and the air 


detraining tanks. The hydrogen ab 


absorbed on the other side, are partially 
viven up in these tanks, and the oil is then 
vacuum-treated to remove the remaining air 
and hydrogen, cooled and pumped to the 
seals. Many variations from this seal have 
since been developed, but in general the basic 
liquid film retained 
This work was also published by Rice in the 
General Electric Review (Nov. 1927). 


Kurther consideration of shaft sealing aux 


features have been 


iary equipment, coupled with some practi 


cal doubts concerning explosion risks in 
large power stations, deflected the eneineers 
during the next few vears to the study of 
synchronous condensers. Since these ma 
chines are operated as idling synehronous 
being driven, 


Further, 


motors, neither driving nor 
they do not require any shaft seals. 
they are usually loeated at outlying substa 
tions where any explosion damage would be 
inconsequential Consequently, effort was 
devoted to frame structures, hydrogen-tight 
welds and gaskets, and new designs to take 
advantage of the better cooling afforded by 
hvdrogen. It was then found that the her 
metically sealed frame designs were ideally 
adapted to outdoor operation, with conse 
saving in building 


quent expense and re 


duced explosion risks. At last two hvdrogen 
cooled condensers, ot 12.500 anal 20,000 kilo 
volt-amperes rating, were ordered in 1927 
and were put into operation in June and 
December, 1928. 

This advance was reported to the Ameri 
can Institute of Electrical Engineers by R 


W. Wieseman in 1929. In the 


vears. large numbers of these machines were 


next few 


installed, the total kilovolt-ampere capacity 
in service reaching 161,000 on the American 
Gas and Electric Company system alone by 
1939, and the total of all those shipped by 
Electric reaching 593,000 kilovolt 


Reduced windage losses in 


General 
amperes in 1943. 
these machines are believed to save annually 
the equivalent of 25,000 tons of coal. 











276 THE SCIENTIFIC MONTHLY 








FIG. 2. ORIGINAL LETTER FROM DR. WILLIS R. pancho TO CHE waste W. RI 
IN THIS WHITNEY SETS FORTH THE PROPOSED INVESTIGATION OF HYDR( OLED ELECTR 
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USING HYDROGEN 


{000 volt svncehronous condenser has 
erating in hvdrogen since 1931 with 
insulation difficulty. Since both oil 
sulation remain fresh and clean in the 
en atmosphere, routine inspections of 
jachines are usually made at only five 
utervals, the hydrogen seals being un 
meanwhile. 
» success of hydrogen cooling for con 
rs led to renewed studies of generator 
ns and shaft seals, but the onset of the 
mic depression delaved actual construe 
until 1936. The first 
perated hydrogen-cooled turbine generator, 
¢ 25.000 kilowatt rating and 3,600 revolu 
s per minute, went into service at Millers 
Mord Station in Dayton, Ohio, in October, 
1937, as reported in the May 7, 1938, issue 
the Electrical World. A veneral report 
n the operation of four of the earliest hydro 


commercially 


cooled generators was made by E. H. 
Freiburghouse and D. 8. Snell in August, 
1938, after the latter had spent several ver) 
arduous weeks in putting the pioneer in 
stallation The 


irve in Figure 3 shows the rapid increase 


into shape for operation. 
in shipments of these generators since that 
time, reaching a total for the 
General Electric Company alone of 3,878,000 


cumulative 


kilovolt-amperes by the end of 1942. 
By inspection of Figures 4 and 5, 
realization of the technical 
volved in this development can be gained. 
The body of the 60,000 kilowatt generator 
rotor in Figure 4 is a one-piece alloy steel 


some 


problems in 


forging some thirty-six inches in diameter 
and thirty tons in weight that has been put 
through a earefully controlled heat treating 
evcle of several hundred hours duration. It 
is slotted to receive a two-pole field winding 
of strap copper or aluminum, whose ends are 
held in place by high-strength alloy steel 
retaining rings. The peripheral velocity of 
the rotor surface is of the order of six miles 
per minute, and the kinetic energy of the 
entire mass, when revolving at normal speed 
of 3,600 revolutions per 
sixty-five thousand foot tons, or fifty kilo- 
The pressure developed by the 


minute, is some 


watt hours. 
rotor fans is roughly equivalent to twenty 
nches of water for air or two inches for 
livdrogen, and the windage and fan losses are 


tbout 900 kilowatts for air and 90 for 


‘ours 


rO SAVE COAT aw if 
hvdrogen. To reduce these losses. it is usual 
to use external fans for the large air-cooled 


machines 


« 


( 


wind 


; ‘ 
Total LOSSeS eCX¢CLUSIVe Of 


The 
we are about D0 kilowatts. so that the use 


I hvadroven vrenerator eftier ll 


from 97.5 to QS 7 percent Kiem 6 shows 
TABLE 
( SA oO (< oO ( 
l (y 0 
Cumula ) ( ve saving 
Y 
q pments a 1 
KAVA ij 
1937 »S,f 
1938 7 8.01 
L939 607 (0) 
1940 MOTO ( 
194] 2 lore £00 
1942 878,000 6,00 
194 ( 


the outline dimensions of two 50,000 kilovolt 


ampere generators, one designed for air and 


the other for hvdrogen cooling 

In designing large generators making 
5.600 revolutions per minute, it has been 
found desirable in many cases to use alu 


field windines, the light weight of 


the aluminum more than making up for its 
In this way, 


minum 


poorer electrical conductivity 
larger rotor diameters are permissible with 


CUMULATIVE 
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FIG. 3. HY DROGEN-—-COOLED 
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FIG. 4. WOUND REVOLVING FIELD FOR 


81.250 KVA, 3600 RPM, 13,800 VOLTS, 60 CYCLES, TYPE ATB 


out exceeding the allowable centrifugal 
Hydrogen 


well adapted for use with these larger rotors, 


stresses. cooling is’ singularly 
since it obviates the serious disadvantage of 
very high windage losses, which would occur 
in air. Table 1 shows the cumulative saving 
of coal for General Electric generators 
alone. 
These 


estimated on the basis of an improvement in 


savings have been conservatively 
venerator efficiency equal to one percent of 
the kilowatt rating at all times that the unit 
is in operation. The saving is, of course, two 
percent of the output during half-load opera- 
tion, or four percent at one-quarter load, 
since it is due to reduced rotation losses. It 
that kilowatt 


saving will save one pound of coal, and it 


has been assumed each hour 


IFIC MONTHLY 


gC ESR ART RET TS 


panes 


SYNCHRONOUS A-C 
HT, 2 POLE. 


TURBINE GENERA 
OBLIQUE VIEW FROM 
has been assumed also that these new « 


hvdrogen-cooled machines would 
7,500 hours per vear, or eighty-five 
of the time. 

Considering machines of other ma 
ture and the svnehronous condensers 
service, the saving in coal this vear 
ceed one hundred and fifty thousand 
and higher values are indicated for 
ceeding vears. 

The ramifications of this hydrogen 
development are very numerous, and 
of them are of ereat scientific interest 
example, in the oil sealing of the rotating 
shaft questions had to be settled rega 
the rate of absorption of pure hydroge 
air by oil at different viscosities and 
and the 


rate of detrainn 


peratures, 
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66,667 KvA, 3600 RPM, 11,000 voLTs, 60 CYCLES, 






yi ceien 
. 
bry Hy | 
eS ds 
"y 
Aeot 3 i 
g £ 


HYDROGEN-COOLED A-C TURBINE GENERATOR 


TYPE ATB-HT. VIEW OF LONGITUDINAL SEMI> 





eakd 
2). 
7 Que 
week 
im pe 


1 











USING HYDROGEN 


under various 


from the oil 
Also, extensive investi- 


VASES 
n conditions. 
s were required of the properties of 
lixtures, ranging from pure helium, 
ydrogen, methane, and carbon dioxide 
oh various mixtures of these gases with 
nother and air. Pure helium, 
has frequently been suggested as a 


with 


substitute for hydrogen, would have a gas 
erature rise thirty-five percent greater 
that of the air-cooled machines, for the 
came rate of gas circulation and the same 
osses, the product of specific heat and den- 
sity for helium being seventy-four percent of 

: value for air. While the reduced density 

helium would reduce the windage losses 

} only fourteen percent of those in air, the 
disadvantage above mentioned and _ the 
higher cost have prevented its use in any 
machines built to date. Many problems also 
had to be solved in connection with the cir- 
culation of hydrogen through the ventilating 
passages of high speed machines, and the 
development of fans and hydrogen-to-water 
coolers. 

When the first hydrogen-cooled machines 
were built, a major difficulty was hydrogen 
leakage through the welds. The Turner 
20,000 kilovolt-ampere condenser built in 
1928 lost initially 18,480 cubie feet of gas 
weekly, but the Searboro 15,000  kilovolt- 
ampere machine of 1930 lost only 1,000; and 
in 1936, when the Fostoria 1,200 revolutions 
per minute, 30,000 kilovolt-ampere condenser 
was installed, its leakage was only twelve 
cubic feet per week. This latest machine was 
designed for operation in hydrogen at twice 
atmospheric pressure at twenty percent 
above its normal hydrogen-cooled rating. 

The leakage from the largest present-day 
hydrogen-cooled generators, including seal 
losses, normally only amounts to a dollar a 
day, and only one hundred dollars worth of 
hydrogen is needed in order to place one of 
them in operation. 
less than five hundred dollars per year to 
supply and maintain the hydrogen atmos- 
phere. For this five hundred dollars there 
is a direct saving of the order of ten thou- 
sand dollars worth of coal for a fifty thou- 
sand kilowatt generator. Today the lower 
limit of economic use of hydrogen as a cool- 

* medium for steam turbine driven gen- 


It thus costs something 


TO SAVE COAI 979 


erators Is about twenty thousand kilowatts, 


are strong that this lower 


but indications 


limit will be appreciably reduced in’ the 


Vears to come 


A secondary advantage obtained by this 
development Is the reduction of noise, as is 
evident when Ohe steps mnto the latest power 
stations. The windage noise of large high 
speed air-cooled) machinery, as regularly 


built a few vears ago, is a steady roar, but 





FIG. 6. COMPARATIVE OUTLINES 
OF AIR-COOLED AND HYDROGEN-COOLED GENERATORS. 
when these machines are redesieoned for 


operation with internal coolers and heavy 


steel wrapper plate construction, as for 


hydrogen cooling, they are so quiet that it 
is difficult to tell whether they are running 
or not. 

Summing up this story, the end result of 
Dr. Whitney’s note is that hvdrogen cooling 
large 


standard for nearly all 


driven 


has become 
turbine venerators in the 


States. 


steam 
United 
atmosphere, 


this hydrogen 
efficient 


similar generators operating in air; they are 


Because of 


they are more than 
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smaller in size; they are safer to operate; and 
The advantages dem- 
oustrated when the first of such @enerators 


they will last longer. 


was put in service by the Dayton Power and 
Light Company in October, 1937, were such 
that only four vears later three-fourths of 
rated twenty thou- 
sand kilowatts and larger were being ordered 


the turbine ewenerators 


with hydrogen cooling. 

Considering the development as an exam- 
ple of the working of the American system 
of productive enterprise, it is important to 
note that at each step in the development 
the results of tests and calculations were 
reported to the industry and widely pub- 
lished. This brought in critical comments, 
which were helpful in guiding the further 
progress of the work, and stimulated work 
along alternative lines by research men and 
competitors. In the course of the work, 
many different organizations and hundreds 
of individual scientists and engineers partici- 
pated, as recorded in more than fifty articles 
in the technical press. 

In historical 


perspective, the story of 


hydrogen cooling provides a most interest- 
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ine record of the free play ot 
publication, discussion, competitiv: 
and commercial leadership that 
American way of industrial progres 
At each major step in the hvdr 
ing program, it was necessary 
large sums in advance of any pr 
turn, and considerable risks had 
sumed. By and large, however, t] 
have been borne by those to whom t! 
cial return should ultimately come, y 
manufacturers and operators who p 
in making and purchasing the first 
of this radical new type have each 
that thei 
spheres. As it out, the 


within 
turned 
no machine out of service be 
failure directly chargeable to hydro 
ing, and the 
have proved to be negligible. 


the risks came 
has 
been 
once feared operatin 
The in 
investment cost of hydrogen cooling 
all eases been paid off by fuel savings 
a very short period of operation. 1’ 


ings in coal, one of the most important 


ural cumulative an 
eventually amount to enormous figures 


3 


resources, are 














A BOTANIST’S DOMINICA DIARY 


II. 


OFF THE BEATEN PATH 


By W. H. HODGE 


Caribbean islands are all reologically 


iavine arisen from the ocean floor as 


s ne voleanoes during the early Ceno 


I 


s 


_ 


\s a member of a chain of isles which 
st of such ebullient volcanoes as Pelée 
\ 


tinique and La Soufriére of St. Lucia, 
s not surprising that Dominica still shows 
s of active vuleanism. All her peaks are 

like Morne au 


Miable still possess wonderfully symmetrical 


voleanoes, and a few 


s, but present-day activity is limited to 
numerous and widely scattered hot sul 
springs. The most strikine of these is 
tuated in the region known as the Grande 
ifriére, an inaccessible basin 


hemmed. in 


mountainous ridges in the southeastern 


tion of the isle. Like all of Dominica’s 
atural wonders, this Valley of Desolation 


half-day’s trip from the little mountain 


] + 
Village of Laudat—may be reached on 


a rugeed forest footpath Known to t 


Kor 


Grande 


lative woodsmen many vear 


location of the Raa tntins 
known, and even today it is difficult to find 
a Domin ‘all 

The 
shrubby summit of 


Nicholls, 


slopes one must slide and s! 


who has ever y 


first view of the basin is from tl 
: 
the 


peak known as Morn 


down whose precipitous eastern 


ither in order to 


vet into the small semicircular amphitheater 
of the valley. Scattered over the valley floo 
are numerous solfataras bubbling noisily and 


Ifurous vapors, which con 


Su 


emitting steam 


tinue to arise from the hot streams as they 


pour out of these vents and rush easterly out 
of the valley’s mouth. The 


Mcessant 


actly 
itv of the fumes, wind-blown over the 
extent of the valley, 


whole 
has eliminated much of 





THE ROSEAU RIVER VALLEY 
LIME ORCHARDS IN VALLEY BELOW DISTANT LAKE MOUNTAIN SITUATED HALF 


28] 


LOOKING 


EAST FROM MORNE BRUCE 


ACROSS THE ISLAND. 
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LOOKING SOUTH OVER THE SI 
FIRST PHOTOGRAPH EVER TAKEN ON THIS 
FAINTER PEAKS IN THE BACKGROUND 
BELOW IN FRONT. PROBABLY 400 INCHES OF 
an otherwise aggressive mountain vegetation, 
and almost the only plants existing in the 
vicinity of the fumaroles are tough grasses 


(Ischaemum) and creamy-flowered  terres- 
trial bromeliads (Pitcairnia), while 
merged in the sinter and travertine depos- 


ited by the hot waters grow various colorful 


sub- 


algae. 

The largest of these springs is the cele- 
brated ‘‘Boiling Lake,’’ hardly a lake but 
an impressive-looking basin, a hundred or 
more feet across, held in by twenty-five-foot 


walls. The waters, apparently not deep, are 





ROSEAU VALLEY WATERFALLS 
RUGGED TERRAIN 


AND 
COMMON. 


LAUDAT VILLAGE, 
RAINFALL MAKE 


BELOW 


HEAVY WATERFALLS 


TMMIT OF MORNE TROIS PITONS 


SUMMIT. MOSSY FOREST CLOAKS ALL THE RID 
ARE: GRANDE SOUFRIERE HILLS (LEFT); MORNE MICO 
RAIN FALLS A YEAR IN THE FOREGROUND BAS 


in a continuous seething activity, an 
keting clouds of steam and noxious 
(which have killed at least one visitor 
continuously over the surface, making p! 
eraphs almost impossible. Boiling Lak 
represent either the remains of an o! 
eanie crater or a collection of large fuman 
whose outlet 
slides, thus impounding the hot wate) 
January 1880 a violent eruption tock 
in this vieinity; the last voleanic sign was 
severe earthquake in 1906. 

Laudat village makes a good base ca) 


Lake, Dominiea’s ¢ 


has been dammed by ea 


for besides Boiling 


other ‘‘lakes’’ (as well as the peaks 
Micotrin and Morne Watt) may also 
reached from here. Freshwater and Bo 


lakes, east of Laudat, are located in old \ 
canic craters, barely an eighth of a 
very beautiful 
ranked by 
among the seven wonders of their tiny wo 
It is hard to. realize 
Dominica thriving Caribb 
center, politically and strategically a 
to the French West Indian aspirations 
vet such was the case. Before the An 
Revolution broke Don 
capital, was a flourishing free port imp 
to traders not only from the other 
Englar 


across; vet these mount 


pools are provincial islan 
sometimes 


was once a 


out, Roseau, 


\\ 
Indian islands but also from 
North America. 
the ships of Drake and Hawkins with 


of slaves destined for sale to the Fre 


Into this roadstead 


Spanish planters as well as to those 


ean buyers who came from the ¢ 
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FRESHWATER LAKE NEAR LAUDAT VILLAGI 
THIS SMALL TARN BELOW A MOUNTAIN SUMMIT PROBABLY OCCUPIES AN ¢ 








STEAM AND MIST ENSHROUD BOILING LAKE 
THIS SEMIACTIVE CALDRON OCCUPIES LAND IN THE VALLEY OF DESOLATION 





BASIN OF ACTIVE VOLCANIC ACTION SITUATED IN THE SOUTHEAST PA OF DOM 
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CLIFFS ON THE 


Long a neutral island successively claimed 
by Caribs, England, and Spain, 
Dominica fell into the hands of the English 
as early as 1759. But it 
the French to have this threat strategically 


France, 
was too much for 


wedged between her important colonies of 
and, almost 
the 
France 


Martinique and Guadeloupe 
the 


American 


before allianee between revolting 


Was ali- 


the island 


eolonies and 


nouneed, the French had seized 


by a swift surprise attack from Martinique 
defenses. 


Dominiea’s southernmost 


hundred-foot-high 


upon 
There, 
peninsula, now known as Scots Head, was 
located old Fort 
like all the old fortresses, is practically oblit- 


atop a narrow 


Cachacrou, which today, 
erated. The few soldiers on duty were clev- 
erly duped into intoxication by ill-disposed 
French inhabitants; the touch-holes of the 
cannon were closed with sand so that when, 
on the morning of September 7, 1778, an 
attacking party under the Marquis de 
Bouille stormed the garrison, they were met 
with the opposition of only a handful of 
drunken wretches. A few days later a 
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ATLANTIC COAST 


THESE 


USED 


NEAR CALIBISHIE 
THE RUGGED, PICTURESQUE WINDWARD COAST OF DOMINICA HAS A HEAVY SURF AND CONSTANT 


CARIB CANOES AT 


ARE 
FOR 


BUILT-UP 
ALL DEEP 


DUGOUTS, 


SEA 





SALYBIA 
CALLED 
FISHING. TH! 


EQUIPPED WITH CRUDE SQUARE SAILS. NI 
THE OARS 


ARE USED 


FOR SNARING 


FLYIN‘ 
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A CARIB FAMILY NEAR SALYBIA 


IS RAPIDLY WIPING OUT TH 


MISCEGENATION 


French force marched victoriously into 
Roseau, marking this as the first of a series 
of successes which were later to bring to the 
French king nearly all the smaller isles of 
the Caribbean. Matters were indeed critical, 
for the English in those days considered 
these islands far more important in potential 
wealth than the dissenting North American 
colonies! Little wonder then that Britain 
played all her ecards in a final slam that saw 
the armada of De Grasse, newly arrived from 
victory off Yorktown, defeated by Rodney in 
one of the greatest naval engagements of all 
Off the north coast of Dominica, near 
the tiny group of islands called The Saintes, 
on April 12, 1782, the fleets of these two great 
naval powers clashed for a victory that de- 
cided once and for all which nation was to 
remain dominant in the West Indies. Since 


time. 


that memorable date French power has 
dwindled until today Martinique and 
Guadeloupe alone remain as Caribbean 
vravestones of what was once a mighty 


French-American empire. Thus ended one 
of a series of fights for which the island has 


ng been famous—a warlike heritage handed 
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vy 
Ty 


IN THE CARIB RESERVE 
W EMAINING \ Vi CARIBS O 
down from the time of Carib ownership 
when Dominica was not so named but was 
rather known to her savage children by their 


own and far more name of 
Waitubukuli, 
Battles.’’ 

Not to be 
Britain started to construct fortifications on 
the ol 
the beautiful 
island the 
Portsmouth on spacious Prince Rupert Bay 
On the 
euardineg 


descriptive 


which means ‘‘Seene of 


caught again unprepared, 
to guard 
the 


ot 


coast Dominica 


northwest 


one safe and roadstead 


can boast—near tinv village 


neighboring Cabrits, twin peaks 


the 


northern harbor shores, slave 


labor reared fortifications which boasted of 
being a second Gibraltar. Today few people 
even know of their presence The cannon 
and great piles of century-rusted cannon 


all is silent on the 
Wandering up their forested slopes 


balls are still in place, vet 
Cabrits. 
one would little realize the military erandeur 


that once existed. SO Overgrown are the build 


ines: in fact, one needs a cutlass and a euide 
in order to find these extensive ruins. Sol 
diers are still present; they ramble off in 


soldier 


their armor in hordes at one’s feet 








LOOKING NORTH FROM SYLVANIA HOUSE 
LEFT, MORNE DIABLOTIN, HIGHEST PEAK IN THE 
RIGHT, TWIN-PEAKED MORNE GRAND BOIS. ORANGE ORCHARDS APPEAR IN RIGHT FOREGRO 


erabs, the ghosts perhaps of human hosts of 


bygone days. And to the shaded parapets, 
long rent asunder by the roots of forest 
trees, now aseend only a stray chameleon 
or gecko. All is silent except for the con- 
stant cooing of doves or the sudden whir of 
wings as a ramier (wild pigeon) is startled 
from the treetops. One even needs to elimb 
a tree to view the placid charm of the sweep- 
ing harbor below, sparingly dotted with tiny- 
oared fishing craft or perhaps a few inter- 
island sloops, far cries from the days when, 
it is said, sailing men-o’-war anchored here 
by the hundreds. Morne Diablotin, the 
Lesser Antilles’ highest peak, slumbering in 
her perpetual cloud blanket, hovers dreamily 
over the island’s past. 

Dominica’s longest road, narrow but 
paved, climbs out of the little village of 
Portsmouth over the eastern divide to the 
windward side of the island to Hatton Gar- 
den estate, about twenty-five miles distant, 
and then peters out in the forests lining the 
valley of the Pegoua River. Climb into a 
Dominica bus and ride, just for sheer fun, 
this roller coaster road to Marigot! <A great 
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LESSER ANTILLES; CENTER, MORNE COURON 


Tarzan of a 790d-lookine Negro w 
ably be driving, and on the long bar 
that is the driver’s seat is usually a 
sortment of the island’s good-nature 
antry, mostly laughing women. wit! 
vurgling babies. The bus, an old Reo, ¢ 
and groans on the rises and comes 
squealing stop before thatched vy 
doll-houses. People get on and off, pass 
babies from hand to hand to the 
rear of the bus into the arms of the wa 
parent who has preceded them. Then 
the rain, only a passing shower but 
has to stop, for as an air-conditioning ; 
windshield was long ago removed. | 
time at all the Atlantic appears ahea 
her great wind-borne rollers chasin: 
other upon gorgeous tropical strands 
picturesque Calibishie tries to seek 
beneath her towering coconut palms 
cool and refreshing is this windward 
fanned as it is by a ceaseless breeze, 
combining its strength with that « 
water, cuts queer pinnacles, stacks a 
cliffs out of the resisting shore. Ev 
low coastal vegetation is subdued b 
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| appears brushed close against the 
sides. 

Villages south of Marigot on this wind 
ast can only be reached by 
rip or by Carib trail. Following the 
mn horseback over red, slippers vol 

mic soil, we slither atop sea cliffs or plunge 


ver-hewn 


rough 


gorges which periodically 
Amid the wild beauty of 
ths onely there exist, scattered 


through the wooded slopes near Salybia and 


hisect the trail. 


coast 


Bataka, the lone remnants of the Caribs, that 
old warlike race which Columbus on his see- 
d voyage of discovery found peopling the 
Lesser Antilles. In 
avainst their ancient Arawak enemies, these 
Indians deseended in upon the in 
cipient colonies on the neighboring islands 
of Barbuda, Montserrat and Antigua, and 
their ability to be swallowed up by Waitu- 


} 
) 
Ou 


later days, even as 


hordes 


bukuli’s impenetrable forests caused them 
to repel successfully all punitive expeditions 
sent against them. In his History of the 
Caribby Islands Davies relates that, ‘‘the 
Caribbeans have tasted of all the nations 
that frequented them, and affirm that the 
French are the most delicate and the Span 
ish are hardest of digestion.’’ In 1640 a 
raid by them on Antigua resulted in the total 
pillage of that island, while another bar 
barous attack in 1666 culminated in the cruel 
murder of a former governor whose broiled 
head was carried back in triumph to their 
retreat on the island of great mountains and 
immumerable rivers. Only in 1796 was the 
Carib menace finally quelled. 

We sought out a Carib boy to guide us 
through the island’s mountainous backbone 
from Hatton Garden to Roseau. On this 
walk my opinion of Carib stamina was raised 
to a higher level, as that of my own reached 
an all-time low. I carried only a camera, but 
our Indian companion, weighted down with 
equipment considered sufficient to keep him 
properly tired, still kept up such a fast pace 
that we had repeatedly to ask him to slow 
down. Following the Hatton Garden River, 
now close to its boulder-chocked stream bed, 
now on a wooded cliff a hundred feet above, 
we gradually left behind the small cultivated 
valley floor. Five miles inland saw us up 
1.900 feet and in deep mountain forest tra- 
versing a trail which sucked us deep into the 
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SYLVANIA: MOUNTAIN ESTATE 
ORANGES GROWN ABUNDANTLY HERI \ SHIPPED 
ro BERMUDA AND ri M -ROVIN( 


muckiest of muds Now and then a distant 
roar would announce the swift approach of 
drenching rain—almost the only sound be 
sides the squish-squash of the mud underfoot 
or the whine of the enuide’s doe as he smelled 
out an avouti or manicou opossum in the 
shelterine buttresses at the base of s le for 


est giant 

Peak after peak was surmounted, and Jong 
the sound of the highest rivulet drain 
River had 


rivule 


after 
ine to the Peeoua faded into 


silence, the sound of new ts ahead an 


nounced the passing of the height of land 


into the dran ave system ot 


and the descent 


Dominica’s largest west-flowine, central 


the 
three hundred and sixty-five 


stream Lavou Islanders boast of 


Streams, one ror 


each day in the vear, and anyone who has 
traveled in the in‘erior forests wil] ‘tainly 
authenticate this number These streams 
are the founts which nourish the clingime 


ferns, the pendant redl and vellow heliconia 


of the gorge bottoms, the wealth of epiphytes, 


] 


the gorgeous 
bamboo. The 
artisans that have carved the island’s rugged 
The my riad 


evergreen plumes of the soft 


| 
incessant torrents are the 


and precipitous landscape. 





SWINGING 


THE LITTLE ISLAND 


and breathtaking waterfalls have 


ereated the chief obstacles to the enecroach- 


vores 


ing civilizing attempts of man, and at the 
same time have supplied the inhabitants with 
fresh drinking water and streams free from 
The 
into pools 


breeding spots for malarial mosquitoes. 


swirling waters at times eddy 
which 


Caribbean. 


for bathing far surpass the tepid 


Astride the central island mass, in the lee 
of the great Morne 
Pitons, we stumbled upon an estate fittingly 
called Sylvania. Upon the mountain slopes, 


peak they call Trois 


only recently forested, appeared a vision of 
tended outlined 
vellow-green sea of delicately 
lemon Ten 
Tradewind’’ 
and 


carefully orange groves 
against a 
seented 


a year of 


erates 
oranges find their 
sermuda Canada from this 
forest-bound estate, and indeed, in the tem- 
pering coolness of these mountain heights, 
the New-England-born owner has difficulty 
in keeping his fruit marketable 
size! 
Sylvania 
show place 


thousand 


Tass. 


se 


way to 


down to a 


house has been justly called the 
of Dominica. From its thatched 


roof (to deaden the sound of driving rain on 
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BRIDGE OVER THE 


BOASTS OF HAVING OVER 365 STREAMS, 
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RIVER 
EACH 


PEGOUA 


** ONE FOR DAY IN 


the galvanized iron beneath 


sweetened verandas it Is ev 


book house set on a forest 


THE YEA 


to 1ts Jas 


ery bi 


lawn. 


+ 
Ldap 


Wes 


many pleasant days at Sylvania, whi 


dozen miles above Roseau via the new 


faced Imperial Road—the 


corkserew 


tT) 


which lifts one bodily from the Caribb 


jacks one above the khus-khus bordered 


orehards of the Canefield 


estate into a 


mate that is vigorous, new, and refres! 


The rainy season was no time to be | 


ine mountains and 
Pit 


sized that. 


nS. 


bogged down in mud up to our knees, 
would be foggy enough to cut out all views 
Despite our best 


eold besides. 


and 


especially 


Lionel, the woodeutter, had en 
He warned us that we would get 


; 
} 


} 


not T 


\} 


ro 


ments he could not seem to see the point t! 


we had to climb when we could 


how 


that we were after plants, not views; 
could have understood, he would stil 


thought us crazy. 


Since Sylvania 


nearly at 2,000 feet we were already i 


nificent mountain 


rainforest 


whi 


ch 


most of the land lying between 1,00! 
feet is tl 
xerophytic tropical vegetation comn 


2.500 feet. (Below 1.500 
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the Antilles, while above 2,500 is the 
f dwarf mossy-forest.) Unlike most 
te forests which are homogeneous, 
ng as they do but a small assortment 
species, this tropical rainforest is 
vyeneous, composed of innumerable 
s. In such a forest almost every tree 


seems to be different. <All are everereen 
hardwoods, the most prominent of which are 
known locally as gommier (Dacryodes 
chataignier (Sloanea), carapite (Amanoa 


bois cote (Tapura), and bois diable TA- 
cania). Boles ten feet in diameter are com- 
mon, and many of the trunks of these giants 
are thrust two hundred feet into the air from 
bases that flare like the flying buttresses of 
continental cathedrals. Arboreal foliage is 
so high above one’s head as to defy recogni 
tion, but from this canopy drop the cord-like 
roots of kaklin (Clusia), a common strane- 
ling arborescent epiphyte. On the trees ap- 
pear numerous vines, such as maregravias, 
lle mouche (Carludovica), which lift their 
festooning cables to the sunlight, while lower 
down are aroids and ferns clutching at every 
foothold. Beneath the trees the light is dim 
and ground vegetation is never dense. <A 
rubiaceous shrub (Cephaelis), with tiny 













FRAGRANT LEMON GRASS 
GROWN IN LIME ORCHARDS FOR GREEN MANURE. 
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A VIEW IN THE MOSSY FOREST 


rHE MOUNTAIN FOREST S IMPENETRABLE GROWTH 


IS COVERED WITH MANY rYPES OF EPIPHYTES. 


white flowers surrounded by waxy blue 
bracts, is most common living among colonies 
of low ferns, feathery selaginellas, or ocea 
sionally with various rare terrestrial orchids 
But colorful plants are few and over all is 
just the leaf green of the forest. 

Following a woodeutter’s trail we found 
ourselves in the twilight of this solemn ea 
thedral setting where the choristers were the 
various thrushes and the mountain whistler 
(sifleur montagne): a solitaire whose clear 
flute-like notes, combined with the gureline 
cadenzas of a Dominican wren, offered fitting 
accompaniment to the unusually quiet green 
pageantry spread around us. Here also is 
the home of two rare parrots ** Jacquot,”’ 
or cicerou, and the Imperial (largest of its 
kind in the world which commonly flush 
from the bors diable or pipirt trees on whose 
fruits they are accustomed to gorge. Besides 
this game, woodsmen hunt pigeons (ramier, 
tourterelle, or perdrix) as well as wild pig, 
agouti, or Opossum (Cmanican ) 

One has to become an acrobat on the up 
permost grueling slopes of Dominica’s moun 
tains, for here the constant trade-wind causes 
the forest aspect to change. The trees are of 
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CEPHAELIS SWARTZII 
THE FOREST’S COMMON UNDERSHRUB HAS WHITE 


FLOWERS SURROUNDED BY WAXY BLUE-BRACTS. 


different species and are dwarfed, twisted, 
and massed in impenetrable and grotesque 
fashion upon the steeply pitching slopes in 
such a way that one can only make progress 
by clambering hand over hand through the 
appressed, dripping, wind-blown treetops. 
Rain here, except on rare occasions, is almost 
incessant, with the result that mosses are 
everywhere, covering the limbs like cushions 
and spilling out water at every touch; their 
presence in such numbers gives to this upper 
region the name mossy-forest. Great brome- 
liads are astride every tree, while delicate 
threads link the dainty fronds of the many 
elfin filmy ferns. Only in very restricted 
areas is this low forest absent, and here the 
rocks are covered with bromeliads, mosses, 
creeping lycopodiums and a beautiful purple- 
flowered dwarf shrub (Tibouchina). We 
soon learned why Lionel had so quailed at 
coming. He sat, while we collected at the 
summit, a shivering example of dejection. 
To us it was not cold, perhaps sixty to sixty- 
five degrees, and yet on that misty, cloud- 
shrouded summit he was probably experienc- 
ing the coldest weather of his island life! To 
gain the actual summit of most of Dominica’s 
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peaks one has carefully to follow 
of some steep ridge that in many 
sheer as to form a knife edge whic 
can be straddled. On another o: 
revisited Trois Pitons’ summit 


blessed with a miracle in weather 
light on a peak whose summit conto 
practically unknown. Such weat! 
mitted the taking of the first phot 
which really show the summit confie 
of Dominica’s little known and ina 
peaks. Visitors to Dominica’s inter 
been few, with the result that it is a } 
to the plant collector, and indeed { 
‘*nickings’’ on the island were fro 
Pitons’ upper slopes. Here were disc 
besides other rarities, a fern, three s 
and two palms—all new to science 

It was easy to descend the steep slo 
with mud-oiled pants it was a quick 


ward slide on slippery clay! Back at 
vania the sun had already slid behi: 
slopes to the west and an insect chorus 


ushering in the night. At no other ti 
Dominica’s forests more lovely : fr 
sheaths of the palm leaves comes the 

erack’’ of the huge katydids; high up 


plumose bamboo the blacksmith beetle si 


down clear notes like the sound of a ha 
on a tiny anvil; while on every side ai 
myriads of tiny lanterns of the island’ 
tounding’ fireflies. These woodland 
the ‘‘labelles’’ of the natives, are 
eiants among lightning bues, and 
‘‘afire’’ look like tiny automobiles mov 
the darkness with two headlights and a 
light behind. The lights of just one ot 
creatures are bright enough to enable ; 
son to read, and in the days when the is 





MARCGRAVIA 


COMMON DECORATIVE VINE OF THE WET FOR 


Ne | 
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A WEST INDIAN BULLFINCH 


HT DRINKING FROM A Heliconia BRA‘ 


as known as Waitubukuli the Carib owners 


employed these woodland gnomes for many 
useful purpose, attaching them to their feet 


and hands when traveling after dark; using 


instead of flambeaux on huntine 


them 
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and fishing expeditions. F 


mashed bodies ot labelles POSSeSS ror 
while the qualities of a phosphorescent paint, 
and Indian war parties are said to have sup 


planted the red anatto warpaint o 


with firefly phosphorescence, thus terrifving 


‘flaming count 


| 
their enemies with enalces 


After such a day's revel in the mountains, 


when tropical might silences all but imsects 


and thoughts, it is easy to agree with William 


Palgrave, the great writer and traveler, who 
wrote, after visiting Dominica in 1876 

In the wild grandeur of its towering mountains, 
some f which rise to five thousand t above the 
evel of the sea: in the majesty of its almost im 
penetrable forests; in gorgeousness of its vege 
tation; the abruptness of its preecipices, the calm of 
its lukes, the violence of its torrents, the sublimity 
of its waterfalls, it stands without a rival, not in the 


West Indies only, but, [ should think, throughout 
the whole island catalogue of ft) Atlant ind Pacific 


combined 


THE MOUNTAIN WHISTLER OF DOMINICA 


It is while carefully balancing myself on my 
shaking support of matted roots, that a sound comes 
to my ear through the roar of a waterfall—a sound 
strangely sweet, solemn, and impressive; a mellow, 
flute-tone, 


sacred 


note, clearer than any more 


chant of 
repeated. I 


gan-like 
thrilling than the solemn 
cathedral. ie 
traneed, listening to melody that had 
, before. The 
scertain, for the notes seem ventriloquial; and 


song in 
stand en 
fallen 

first 


croined 
never 
cannot at 


mm mV ears cause | 


ndeed they are so, for I search high and low, the 
eafy branches above my head, the densely clustered 
feet, and the 
before I find the 


mysterious music. 


ferns at my shrubs at my back, for 


many minutes, source of this 
Balanced airily on a lance-like 
bamboo that shot twenty feet beyond the brink of 
the cliff, poised in mid-air, with half a thousand feet 
of space between him and solid earth, is a daintily 
shaped bird, clad in drab, 
rouge beneath his throat, and of 
there. 


sober save a dash of 


white here and 
Uneonscious of surrounding things, animate and 
nanimate, he was devoting his powers to the pro 
duction of that wonderful music. 
flute ever produced such mellow, liquid tones. It 
was music of unearthly sweetness, that, once heard, 
would never be forgotten 
pause, that made them most impressive. It was not 
a song—though I discovered later that the little bird 
id a song- 


Surely no 


between the notes a long 


but simply the utterance of a_ few 


notes. soon t ceased, and the rd tlew into the 


near forest, where | Soon discove ec busily feed 
ing upon the berries of a tall shrub, to the pendant 
branches at which it was c¢linging, now and then 
dashing at a fugitive bunch, apparently as absorbed 


in this oe upation as in his melodious lay of a few 
minutes before. Soon he ceased feeding, and com 
menced preening himself upon a naked limb; then 
after smoothing himself out, as it , and drawing 
in and stretching out his neek, he suddenly dashed 
at a single berry, swallowed it to clear his throat 


uttered but a few 


and recommenced to trill. He had 


notes when he silently flew to a dead branch; a fe 


more and he winged his way to «a. swinging 
‘‘liane,’’? where he hung suspended abov i littl 
ravine, in which is sunk a tiny stream, whose tink 
ling waters made music, though not so sweet and 
liquid as his. Then he disappe ired in the dark 
recesses of the forest, where it would be useless 
to follow him, but whenee came at intervals the 
ventriloquial music that seemed to float over n 


head and around me, though the bird was afar. 
This 


who have a name, and an applicable 


bird is called by my mountaineer friends 


one, fo! 


every 


forest, the ‘‘ Sif Vontaaqne,’*’ 

Whistler. ’’ 

n the Caribbees: The Adver 
Lesser Antille 


Lee and Shepard, 


thing in the 
‘* Mountain 

From Camps 
Vaturalist i] thie 
by Frederick A. Ober, Boston. 
19-20, 


tures of a 


L880, pp. 











ENGINEERING IN MEDICINE* 


By ALVAN L. BARACH 


In discussing applications of physical 
principles to clinical medicine and, for the 
sake of illustration, to aviation medicine also, 
I shall stick to the narrow bridge which I 
have crossed between these principles and 


Need- 


less to say there are other more remarkable 


the treatment of respiratory illness. 


examples of the relations between physics 
and medicine, but I feel less likely to fall 
into the abyss of fanciful conjecture if I stay 
for the most part within the boundary of my 
own experience. 


I 


Two decades ago the physiological basis 
for administering oxygen to patients with 
respiratory illness was being placed on a 
solid foundation, but comfortable and effec- 
tive methods of providing oxygen-enriched 
air, containing two or three times the normal 
percentage of oxvgen, were yet to be devel- 
oped. A funnel held in front of the face was 
then the most common appliance, but it was 
almost worthless and generally used as a ges- 
ture of last resort. The mask of Haldane 
and rubber tubes inserted into the nose were 
more effective, but any appliance fastened to 
the face was found objectionable by many 
patients. The clinical value of oxygen 
therapy could not be established by using 
methods that were ineffective in overcoming 
the lack of oxygen from which the patient 
suffered, or that were uncomfortable or ob- 
jectionable in application. 

An oxygen tent designed by Leonard Hill 
consisted simply of a canopy over the patient, 
but since it did not provide for eliminating 
heat and moisture it produced a warm and 
humid atmosphere. Our early attempts, with 
Binger and Roth, to remedy this situation by 

*From the Department of Medicine, College of 
Physicians and Surgeons, Columbia University, and 
the Presbyterian Hospital, New York; sponsored by 
the Committee to Study Air Conditioning, American 
Medical Association, Carey P. MeCord, Chairman, 
Alvan L. Barach, Commander W. M. Simpson, and 
Cc. P. Yaglou. The illustrations for this article are 
from a forthcoming book, Principles and Practices 
of Inhalational Therapy (J. B. Lippincott), by the 
author. 
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passing air through copper pipes p 
ive for cooling, and through soda 
¢calelum chloride containers ror 
water vapor, failed to provide a 
atmosphere in respect to temperature 
The idea Ol 


an oxygen-enriched atmosphere dire 


itv, and air movement. 


chunks of ice contained in a refr 
cabinet seemed to possess theoretica 
tages because a wide surtace area of a 
medium was obtained with minima 
tance to the circulation of air. In 
actual trial after the copper pipes wi 
moved and pieces of ice were inserted 
same container, the effect on the patient 
remarkable and almost instantaneous. Wi 
the increased comfort provided by co 
air he relaxed and fell asleep—the benefi 
effects of oxygen therapy were no 


obscured by factors which interfered 
his well-being in other ways. Further 

provements in accessories were necessa 
such as transparent canopies (Fig. 1) a 
noiseless motors, but the main objective | 
been achieved in an obviously simple wa 


The temperature of the air dropped 15° F 


and the relative humidity 25 percent. T 


oxygen tent from that time on was capabli 


of offering the patient not only an atmos 


phere of forty to sixty percent oxygen, but 


also one that was hygienic in respect to ten 
perature, humidity, and air movement 
Oxygen rooms had previously been coi 


structed by Barcroft and Stadie which wer 


ventilated. by motor-fan units and wi! 
were sufficiently leak-tight to permit 
maintenance of an oxygen concentrat 


] 


above fifty pereent. Rigid care had to 
taken to prevent sparks in an atmospliere 
which a high percentage of oxygen was pres 
ent. Partly to avoid this danger, a simp 
method of ventilating a room was de\ 

in which no electrical contrivance was leces 
When series of one-inch pipes w 
installed across one side of a room wit 


sary. 


ice water or brine circulating throug 
and a steam radiator was placed on t! 
side of the room, thermal circulation, y 
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imidifieation ot air were satistac comrort. al 1) 


tained. This t\ pe ot ventilation had accom) 


ntave of beine noiseless and isable Hel Lin Was Llatel ntroad Sa 
oom that could be made leak-tight peutic gas part because it is 

() rooms of this type (Fig. 2) have nert and does not form an explosive mixt 
se since 1925, at first in the old Pres with oxygen, but prinecip: becaus 


Hospital, New York City, and now hehter than ai other element except 
Columbia-Presbyvterian Medical Cen Ve} A mixture of eighty percent | 1" 


hout anv fire or other untoward diffi and twenty p OX) . . 
OHLV Onl hird tha l all X\ ‘ 
| isportable oxygen roonis | Fig. 3) have the velocity of gas movement effusion 
nstalled in private homes in which — diffusion through a constricted orifice is 

ts have lived for the greater part of versely proportional to the square root o 


both dav and night for months and even for molecular weieht of the eas, it follows 

rs. Although cure of chronic pulmonary such a lehter-than-an mixture can 
lisease 1S not effected by OoxVvgen treatment, breathed in conditions of obstructive dvspni 
betterment of respiratory function, relief with about one-half the effort required for 


from labored breathing (dyspnea), increased the inhalation of either air or pure oxvgen 












FIG. 1. TRANSPARENT TENT FOR THERAPY WITH CONDITIONED OXYGEN 
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FIG. 2. OXYGEN CHAMBER VENTILATED BY THERMAL CIRCULATION 


The inhalation of helium-oxveen mixtures 
by patients with severe asthma has in many 
instances been a life-saving measure; as a 
result of repeated inhalations of helium with 
oxygen in intractable asthma, bronchial re- 
laxation may take place and, in a number of 
cases of this type, a state of relatively mild 
or no asthma has been initiated. This in- 
halational treatment of asthma is not a cure 
of the disease, but it is a remedy of such 
value that it may relieve intractable asthma 
for periods of six months and sometimes for 
more than a vear. 

In conditions of localized obstruction in 
the upper respiratory passageway a helium- 
oxygen mixture has also been employed in 
order to decrease the effort of breathing and 
to inerease the velocity of gas movement. In 
the use of helium-oxygen mixtures the oxy- 
gen tent has not been found effective, since 
this gas readily leaks through the points of 





SCIENTIFIC 





MONTHLY 





contact which the tent makes with the b 
Although this gas can be used with a mask 
a helium-oxveen helmet hood (Fig. 4) was 
developed which enclosed the head the 
patient, making contact at the neck. Whe 
a positive pressure of two to five centimeters 
of water was maintained within the hood 
was soon found that breathing became re 
markably more comfortable. Very sever 
cases of obstructive dyspnea, both astlu 
and lesions in the larynx and trachea, hav 
been controlled in this way. 


I] 


The stimulus which led to the use of pos 
tive pressure in bronchial asthma orig 





from an observation that one of our first 
patients who was treated by helium-ox 
therapy habitually breathed in such a wa 





as to create an obstruction at his mout 
ing expiration. With his lips. pa! 





















ENGINEERING 


e would slowly blow out against an 
\ imposed and ver\ obviously har 
ifice. When I suggested that he was 
his breathing harder and that he 
ypen his mouth to breathe, he lapsed 


state of uncontrollable) asthmatic 

"s a. indicatine that his manner of 
breathine had some functionable  sienifi 
When. an cooperation with Swehson, 
lol was inserted into the lunes of a 
patient with bronchial asthma, the X-ray 


showed that, if the patient was exhaling 
nder a positive pressure, the bronchial 
tubes did not constrict so much as they cid 

ordinary unobstructed expiration. Wit! 
that hint in mind, patients with helium and 
oxygen in the hood were exposed to a con 
tinuous positive pressure in the helmet of 
three to six centimeters of water. This smal] 
devree of positive pressure durine expiration 
was reflected back into the respiratory 
passageway and prevented the bronchi from 
‘ollapsing with the result that the decrease 
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such a pulmonary edema takes place in 
human beings as a result of long-continued 
respiratory obstruction. Edema of the lungs 
was consistently produced in animals by hav 
ing them inspire through a constricted ori- 
fice, or against a negative pressure of six 
centimeters of water. 

As long ago as 1878 Oertel emploved one 
hundred inspirations under positive pressure 
in the treatment of Haven 


Emerson, in 1909, showed by experiments on 


asthma, and 


rabbits that artificial respiration conducted 
under pressure prevented or cleared edema 
of the lungs due to previous injection of 
adrenalin. Other observers, such as Auer, 
Loeb, and Gates, confirmed 
tions. However, little or no clinical applica- 
tion had been made of them, except with the 
apparatus of Plesch used by Poulton. 
offered a 
providing 


these observa- 


The helium-oxvgen hood com- 
fortable and effective 
positive pressure in conjunction with gas 


A number of cases in which there 


wav of 


therapy. 
was a marked outpouring of serous fluid 
from the capillaries of the lung into the air 
spaces were treated by positive pressure with 
a resulting swift clearing of the edema in a 
number of instances. In some cases there 
Was a prompt recovery from what otherwise 
would have been regarded as a fatal illness. 
A mask for the application of positive pres- 
sure during inspiration and expiration is 
shown in Figure 5. 

A result of pressure applied to the outside 
of the capillaries in the lungs is to counter- 
act directly the internal hydrostatic pressure 
in the blood vessels. This opposing exterior 
pressure retards the tendency of the eapil- 
laries to ooze when there is either an in- 
ereased pressure within them, as in heart 
failure, or some change in permeability of 
the capillaries, as in pneumonia or gas 
poisoning. Another effect of positive pres- 
sure within the chest may be to retard the 
inflow of blood into the right heart. In cases 
of cardiae failure such a pressure allows the 
heart to work with a diminished volume of 
blood. In normal individuals the increase in 
venous pressure largely compensates for the 
retarding effect of the increased physical 
pressure in the lung, as is proved by the fact 
that the circulation time was found generally 
maintained near its normal level. 
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More recently an apparatus has 
veloped in which positive pressure 
tion alone has been provided. In 
tion with Eckman and Molomut, | 
a mask apparatus in which expira 
ceeds through a tube immersed in 
bottle or through a flutter valve su 
by a metal dise that is punctured 
fices of various sizes. In the larees; 
there is no resistance to expiratior 
the dise is moved to smaller and sn 
fives the resistance to expiration 


greater and greater. This mask 
employing positive pressure in ex} 
has been used in the treatment of 
pulmonary edema, and also by Carlisi 
the edema of gas poisoning from fumes 
chlorine or nitrie aeid. 

The foregoing experience points 
possibility that breathing against a_positiy 
pressure may aid in overcoming the cons 
quences of pulmonary irritant war gases. | 
the absence of oxvgen a mask of this k 
may be used to advantage simply by re) 
ing the collecting bag and_ inspiring 
through the inspiratory valve, and exha 
the expiratory valve and 
In the absence 
a mask, expiration through a cigarette h 


it throueh 
selected narrowed orifice. 


can be used and has, in fact, been report 
as an emergency measure in the clearing 
pulmonary edema in two clinical patients 
It appears, therefore, that there is a 
tional significance in grunting and groa) 


by patients with respiratory illness, althoug 


these symptoms are ordinarily thought 
as subjective complaints. <A characteris! 
symptom of lobar pneumonia is an ex) 
tory grunt, in which the patient at the bes 
ning of expiration holds his breath ses 
his glottis, develops an inerease in int 
monary pressure, and then gradually ex 
in a grunting or groaning form of breathing 
I have a memory of many years ago \ 
had a patient, ill with lobar pneumoni 
erunted and was suffering considera! 
gave this patient two doses of mo 
which stopped the expiratory grunt 
lapsed into edema of the lungs. 

My conclusion is that the expiratory 
is a beneficial action, and that conseq 
it is justifiable to speak of the physi 








ivan 
Where 
} 


OD 


eve 








ENGINEERING 





FIG. 


4. HOOD FOR ADMINISTRATION 


of grunting and eroaning. 
Where patients who have had 


ng obstruction of 


idvantages 
long-stand- 
the larvnx are suddenly 
an the 
windpipe, they will often develop exudation 


relieved by making Incision into 


of serum and mucus from the pulmonary 

capillaries and from the bronchi. 

lation can controlled 

ents inspire normally and expire under 

positive pressure, as shown by Woodman and 
er by Kernan and me. 


This exu- 


be by having these 


} +} 
pall 


In the mask apparatus mentioned above, 
variable concentrations of oxygen can be 
obtained by the use of an injector attached 
to the regulator. As oxygen passes through 

ia swift stream, a negative 
developed within the metal injector 
draws in a variable amount of outside air, 
lepending upon the size of the orifice open 


+} 


to the atmosphere. 


ha 


pressure IS 


which 


Calibration of these ori- 
‘In experiments made possible the instan- 


OF 
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MIXTURES OF HELIUM AND OXYGEN 


taneous provision ot oxyvven eoncentrations 


between forty and one hundred percent with 
not exceeding three 


an error percent 


I] 


I now pass to the consideration of a method 


for immobilizing the lunes that is also based 
on an application of engineering principles 
In 1926 that 
ently ventilation could 


be maintained in case of respiratory paral) 


Thuneberg showed an appar 


adequate pulmonary 


sis by placing the patient in a chamber in 


which an alternatine pressure of one-sixth ot 


an atmosphere above and below normal was 


used. Drinker and his collaborators then 
developed the respirator, now commonly 
known as the ‘‘iron lung,’’ in which the body 
of the patient is enclosed in a box with the 
head protruding outside. When a motor 


blower unit or bellows creates a suction pres- 


sure of fifteen centimeters of water within 
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the chamber, the chest 1s expanded during 
inspiration; when this is turned off, the chest 
returns to the expiratory position as the 
result of atmospheric pressure. 

My interest in immobilizing the lune was 
to secure lung rest in patients having pul- 
monary tuberculosis. An air-tight room was 
first construeted im which patients could be 
subjected twenty-five times a minute to alter- 
nating pressures of fifty-five millimeters of 
mercury above and below that of the atmos 
phere. This change was sufficient to force 
air in and out of the lunes, but it was soon 
evident that during the positive phase the air 
pressure compressed the chest slightly, and 
that during the negative pressure phase the 
chest was momentarily expanded. This 
movement of the chest was traced to the 
resistance of the tracheo-bronchial tree to 
the free flow of air, which delaved and de- 
creased the application of pressure to the 
inner surface of the lung. 

An air-tight box was then constructed 
around the body of the patient, with the 
head protruding into the original chamber. 
When small apertures were made in this box, 





FIG. 5. ADMINISTRATION OF OXYGEN 


it was possible to retard the 
pressure to the chest to keep 


apy 
})} 


pa 


pressure of air in the lunes that ha 


through the nose and mouth 


In 


we were able to equalize the pressul 


the inner and outer surfaces of 


and on the diaphragm as well 


or no discernible movement 


the 
. St) T 


ot 


place either on ordinary observat 


X-ray examination of the mareins 


diaphragm. An adequate moveme 


molecules in and out of the immobi 


provided a plentiful supply of oxy 


eliminated the carbon dioxide 
After the method of immobi 


had been perfected, a number « 


lizine I 
yf pers 


Ing advanced pulmonary tuberculos 


eiven the lune rest treatment I) 


elght cases there was a clearing of the 


due to tuberculosis and most of thes« 


are now living or working’ without 


dence of active infection. 


Althou 


method (Fie. 7) of immobilizine the 


a practical procedure which 


is comt 


to the patient and has been effective 


instances in promoting a cur 
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rv tuberculosis, after other measures 
studies necessary in 


the 


ed, more are 


determine range of its use 
lV 
It be instructive to consider an illus 
of the ease with which physical prin 
ples may be overlooked in medical problems, 
articularly by those whose training is in 
ne and not engineering. Such a prob 
em of great importance is now before medi- 
| men and engineers. 
In dealing with the physiological factors 
volved in high altitude flying, we are faced 
frst of all with the fundamental fact that a 
init of gas at constant temperature expands 
n proportion to the decrease in pressure to 
which it is subject. For example, a liter of 
vas at sea level will expand in the free state 
six liters at an altitude of 42,000 feet. 
Since the volume of the chest is constant, it 
is evident that even though pure oxygen is 
inhaled the molecules are so widely separated 
at very high altitudes as to be unable to pro 
vide a normal oxygen pressure in the lunes 
and, therefore, in the blood and the tissues. 
One of the interesting characteristics of the 
TABLE 1 
DIOX 


PERCENTAGE BY VOLUME OF OXYGEN, CARBON 


IDE, AND WATER VAPOR IN THE LUNGS, AT SEA 
LEVEL (760 MM. H@) AND atv 42,000 FEE’ 
128 MM. HG), WHEN BREATHING 100 


PERCENT OXYGEN 


Gas Sea level Altitude 42,000 feet 
Oxygen 88.5 o0.5 
Carbon dioxide 5.3 28.1 
Water vapor 6.2 36.7 


human mechanism found under these condi 
tions was that the expansion of gases ob- 
scured certain 
within the body. 

At sea level the atmosphere has a normal 
pressure of about 760 millimeters of mercury 
and at an altitude of 42,000 feet a pressure 

about 128 millimeters of mercury. Con 
sequently if ordinary air is breathed at such 


physiological happenings 


a great altitude, or in a decompression cham- 
ber having corresponding conditions, not 
enough oxygen will be available in the lungs 


to sustain life. Since only about twenty per 
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FIG. 6. OXYGEN METER MASK 


CON TROLLING POSITIV PRESS D ( I > 


cent of the atmosphere IS OXVYeN, It IS hatural 


to assume that its deficiency in the lunes at 
high altitudes, even up to 42.000 feet where 
the atmospheric density . only one-sixth 
that at the surface, can be lareely restored 


by breathing pure oxygen. This would be 


the case if it were not for certain other inter 


esting and important physical aspects of the 


problem which experiments foreed us to con 
sider, 


The tube through which aviators breathe 


oxveen from containers at high altitudes 


must not be eas tight at both ends. for other 


wise the pressure on the interior of the lungs 
mieht become much ereater than the atmos 
pheric pressure on the outside with disastrous 
altitude 


results. Consequently at ever 


aviators must breathe eases having the 


sane 


densit\ as. the surroundine atmosphere 
There could he all exception only if thes 
should be enelosed in. air-tight ‘cabins n 


which the pressure could be kept above 
of the exterior air 

When an aviator inhales pure 
filled 


partly with water vapor and carbon dioxide 


Ooxveen Is 


lungs are partly with oxveen, and 


released into them through the capillaries of 
There is such an 


blood that the 


stem 


the circulatory s) 


abundance of water in the 


lungs are always saturated with water vapor 


The amount of water vapor for saturation 
depends upon the temperature but, contrary 
to what might be expected, is independent 
There 


fore, since the temperature of the lungs is 


of the amount of other gases present 


the same whatever the altitude, the amount 
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FIG. 7. EQUALIZING PRESSURE CHAMBER FOR IMMOBILIZATION OF THE LU? 


of water vapor in them at high altitudes is 
the same as at the earth’s surface. Since the 
oxygen in the lungs decreases with altitude 
whereas the water vapor remains constant, 
the relative percentage of water vapor in- 
creases. At sea level water vapor constitutes 
about six percent of the contents of the 
lungs; at an altitude of 42,000 feet this per- 
centage rises to about thirty-six (Table 1). 
Conditions are similar with respect to car- 
bon dioxide. At sea level the percentage of 
carbon dioxide in the lungs is a little over 
five, whereas at a pressure corresponding to 
an altitude of 42,000 feet it is twenty-eight. 
With the results at hand for both water 
vapor and carbon dioxide in the lungs, we 
can caleulate the relative oxvgen content of 
the lungs of an aviator breathing air at sea 
level and pure oxygen at an altitude of 


42.000 feet. On takine these fact 


account, it is found tat an aviator e 


siderably more oxygen when breathii 
sea level than he does when breath 
oxvgen at an altitude of 42,000 feet. 
decompression chamber with an at! 

density the same as that in the op 
an altitude of 42,000 feet. This res 
cates that in order to ascend to ¢ 
tudes the personnel will have to be 

in airtight cabins in which atmosph 


sures can be maintained above that 


exterior air. 

In the course of our determina 
‘‘vital capacitv’’ at different alti 
phenomenon was met that was puzz 
the explanation occurred to my 
Mr. Eckman. Vital capacity is the n 
volume of air a person can expel 
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lungs after inhaling deeply. This maximum 
capacity of a person is measured by his first 
taking the fullest possible inspiration and 


' then exhaling it as completely as possible into 


a spirometer, which measures the amount of 
air admitted into it. Evidently the lung 
capacity of a person is the same at all alti- 
tudes. But when the vital capacity of a man 
was found to be 5,000 cubic centimeters at 
sea level, a test would show it to be about 
4,000 cubie centimeters at a pressure corre- 
sponding to an altitude of 42,000 feet. Mr. 
Eckman noted that the exhalation was from 


' the lungs at temperature of 99° F. into a 


} spirometer at a temperature of 68° F. 


Since 


' in the lungs the vapor pressure of the water 


would always be the maximum possible for 


’ the temperature, condensation would follow 
' the exhalation into the cooler spirometer. As 
' is shown in Table 1, at sea level only six per- 


cent of the air in the lungs is water vapor, 
while it is thirty-six percent at an altitude 
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of 42,000 feet. Therefore the water con- 
densed at the higher altitude would be a 
much larger fraction of the contents of the 
lungs than at sea level. An experiment in 
which the subject breathed into a spirometer 
at 99° F. gave the same value for the vital 
capacity at both altitudes and verified the 
theory. 

There are many other examples of appli- 
cations of physical principles in clinical and 
aviation medicine, but those that have been 
presented from actual experience are suffi- 
cient to illustrate the importance of broad- 
ening the for medical education. 
Heretofore students have generally entered 
medicine through the avenues of biology and 
chemistry, whereas those taking physics have 
preferred engineering. Wider horizons are 
needed. 

Beware of the generalist who is not a 
specialist but beware of the specialist who is 
not a generalist.—Blake. 


base 





RACE AND PUBLIC POLICY 


By LOUIS WIRTH 


ACADEMIC men are inclined to ascribe an 
importance to knowledge all out of propor- 
tion to its actual role in human conduct. 
This is particularly true of race relations. 
Men do not wait until the latest findings of 
science are in before they begin to feel, think, 
or act on matters that concern race ; and even 
when new scientific findings come to hand it 
does not follow by any means that people will 
promptly change their beliefs and actions to 
conform to them. 


Race and Reason. This is not to argue the 
futility of the search for tenable knowledge 
about race and race relations, but merely to 
indicate the limits of its effect upon practice. 
In the beginning was the act, not the thought. 
Frequently, however, men cling tenaciously 
to a belief even in the face of overwhelming 
evidence of its falsity. They often persist in 
a type of conduct which is flagrantly contra- 
dicted by both the factual premises upon 
which it supposedly rests and its practical 
outcome. And yet, if we are pursuing the 
quest for knowledge for any other reasons 
than its own sake, we must assume that ulti- 
mately, if not alway:, knowledge does make a 
difference. Many illustrious examples from 
history support this assumption. 

Although the displacement of superstition 
and dogma by science, even in the fields of 
technology and medicine, to take but two in- 
stances, has by no means been as rapid and 
as automatic as might be wished, in social 
affairs, in matters that affect religion, the 
family, nationalism, and race, scientific find- 
ings have made their way into belief and 
action even more slowly. This appears to be 
due not merely to the supposed fact that sci- 
entific findings in these latter fields are less 
certain and more personal, but rather to the 
circumstance that established beliefs and 
practices in these matters have an almost 
sacred character and are not subject to secu- 
lar, objective scrutiny. In matters of race 
even a Hitler or a Goebbels may pose as an 
expert and be accepted as such by millions, 
whereas probably no one would accept them 
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as experts in medicine or engineerine. \W; 
must assume, nevertheless, that the sear 
for truth by the methods of science is at eas 
as important in the realm of the social as }; 
is in the realm of the physical and bioloe 
and that ultimately here, too, the truth sha 
make men free. 


The Nature of Race Prejudice. What y 
know and what we do not know about ra 
would be merely a prosaic academic matt 
if it were not in the minds and actions of mey 
associated with some of the most acute pra 
tical problems of human relations in our day 
These problems range from personal idiosyn. 
crasies and antipathies to violent mass coy 
flict and the clash of national and interna. 
tional policies. It is the latter type of prob. 
lem that constitutes the subject of this paper 
But before treating the subject of race and 
public policy, a word needs to be said ab 
race relations as personal relations. 

All of us have our likes and dislikes, our 
preferences and antipathies. We prefer cer- 
tain foods over others; we have our personal 
tastes in clothing and furniture ; we ride hob- 
bies and have our blind spots in art and in 
recreation ; we have our passionate affections 
and our equally deep-seated revulsions to- 
ward other persons. All of these, however 
are matters of little if any public concern 
We regard them as private affairs. 

Our tastes, our preferences, and our an- 
tipathies, however, are not altogether of our 
own making and the result of our own per- 
sonal experiences. For the most part 01 
personal pattern of race relations is ma 
for us by the culture in which we live, 
just as our behavior patterns in other re- 
spects bear the imprint of the group to which 
we belong. We have preconceived attitudes 
toward objects and persons that we hav 
never met. These attitudes tend to be mor 
verbal than actual. It is difficult for us t 
work up very much enthusiasm for, or at- 
tagonism against, people whom we have 
never seen, although we may have stereo 
typed notions about how we are to react t 
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, symbols representing these unfamiliar 
persons. In a race-relations survey made 
some years ago on the Pacific Coast, a con- 
siderable proportion of native-white Amer- 
‘cans who were questioned exhibited a mark- 
edly distant and unfriendly attitude toward 
Turks, although probably few, if any, of 
those who held this attitude would recognize 
a Turk if they met one. Strange as it may 
seem, the genesis of this attitude may be in 
part the inadvertent by-product of the Sun- 
y school experience which many American 


the 


1 
da 


‘youths underwent when they dropped their 


pennies in the collection box to save the 
persecuted Armenians from the ‘‘ Terrible 
Turk.’’ 

Prejudices are judgments that we pass on 
objects or persons before we have had any 
experience which would give us reasonable 
erounds for feeling or acting as we do. 
These ‘‘pre-judgments’’ are the result of our 
predisposition to lump objects or persons to- 
gether into classes or categories irrespective 
of their individual differences or merits. 
When we treat one person cordially and as 
nn equal, and another in a hostile fashion 
or as an inferior because the former belongs 
to our race and the latter to a different race, 
we are exhibiting a racial prejudice. When- 
ever we hear people say, ‘‘I don’t like Amer- 
icans, Englishmen, Russians, Negroes, Jews, 
Catholics because they do so and so,’’ we 
may be sure that what follows the ‘‘because”’ 
is an attempt to justify on rational grounds 
an attitude which rests upon emotional bias. 
No people as large as any of the groups men- 
tioned above are so much alike that the same 
judgment could conceivably apply to all of 
them. Our pre-judgments of other people, 
especially of racial and ethnic groups, are 
not rationally examined in the light of our 
own experiences with a substantial number 


_ of members of such groups. They are for the 


most part imbibed by us from the popular be- 
liefs held in our own group, sometimes trans- 
mitted unconsciously by our elders and our 
neighbors through example, sometimes the 
product of education and not infrequently 
of deliberate propaganda. The fact that 
there is no rational or experiential justifica- 
tion for these beliefs, however, does not make 
them any the less potent. 

To most white people all Negroes look 
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alike. Most Americans, find it 
difficult to tell the difference between Japa- 
nese and Chinese, between Koreans, Fili- 
pinos, and Puerto Ricans. Only when we 
get to know certain members of these groups 


even now, 


intimately do we begin to distinguish be- 
tween individuals and to note that there is 
as much difference between different persons 
in each of these groups as there is between 
persons in our own group. Just as we as- 
cribe identical physical traits to them, so we 
are inclined to ascribe identical mental, so- 
cial, and moral traits to people whom we 
Thus, for 
odor to 


know only by their racial labels. 
instance, we attribute a_ racial 
Negroes because we have met one or a few 
individuals whose smell offended us. We 
forget that perhaps white individuals work- 
ing in the same occupations or living under 
comparable conditions might have an equally 
offensive odor. We meet a member of an- 
other racial or ethnic group who cheats us 
in a business transaction and we immediately 
ascribe his dishonesty in business to his race, 
forgetting that if someone of our own group 
cheated us, we would blame only the indi- 
vidual and have no thought of race. We 
see someone who is aggressive, and if he be- 
longs to another racial or ethnie group we 
blame his race for it. It is a curious fact that 
we are less inclined, when we see something 
we like in a person of another race, to give 
his race credit for the asset, which, of course, 
is only an individual merit. Thus once a 
prejudice toward a racial or ethnie group 
gets started, it tends to be cumulatively con- 
firmed by subsequent experience, and to blind 
us against all experiences that might prove 
the opposite. 


The Genesis of Race Prejudice. Racial 
prejudice is associated with the disposition 
on the part of virtually every human group 
to think of itself as superior to outsiders. 
The notion of chosen people is quite wide- 
spread. We know of primitive communities 


the members of which call themselves ‘‘men’”’ 
or ‘‘human beings’”’ to distinguish themselves 
from all outsiders who are regarded as not 
quite human. We generally glorify the peo- 
ple whom we speak of as ‘‘we,’’ whereas the 
‘fothers’’ or outsiders are depreciated and 
suspected. Although strangers do sometimes 
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have a romantic fascination for us, more 
often than not we fear them and remain at 
a respectful distance from them, ready to be- 
lieve almost anything about them to which 
we would not for a moment give credence 
if it concerned a member of our own group. 
Particularly where these strangers are dis- 
tinguishable from our own group by such 
visible marks as color, the tendency to retain 
them in a category apart is persistent. 
Racial prejudices may have their founda- 
tion in our own insecurity, be it economic or 
social. We are reluctant to enter into com- 
petition or rivalry with members of groups 
distinguishable from us by marked physical 
or cultural characteristics. And when we do 
compete with them, we are likely to attribute 
our own failures and shortcomings to some 
unfair advantage which the others are taking 
of us, or to our reluctance to put forth our 
best efforts against unequals. It has been 
repeatedly found by students of Negro-white 
relations in the South that the so-called white 
aristocracy shows less racial prejudice than 
do the ‘‘poor whites’’ whose own position is 
relatively insecure and who must compete 
with Negroes for jobs, for property, for so- 
cial position, and for power. Only those who 
themselves are insecure feel impelled to press 
their claims for superiority over others. This 
is confirmed by the fact that racial preju- 
dices and conflicts flare up most violently in 
periods of economic distress when there are 
not enough jobs to go around. Similarly, 
when an ample supply of housing is avail- 
able, people will generally settle in areas 
where life for them is most congenial and 
where they can afford to live. But when 
housing facilities are limited, the Negro may 
find it difficult to obtain living space, espe- 
cially when it involves displacing whites. 
It takes an exceptionally objective person 
to accept responsibility for his own failures 
and frustrations. It is much more conven- 
jent to put the blame on another and to in- 
vent a scapegoat, especially if that scapegoat 
has already been groomed for the role by his- 
tory and circumstance. In the southern part 
of the United States it might be the Negro; 
in the Southwest it might be the Mexican or 
the Indian; on the Pacific Coast, the Ori- 
ental; in the great cities, the immigrant or 
the Jew. We choose as whipping boys those 
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who are easily accessible, easily identifia}), 
relatively defenseless, and who give a: 
plausible provocation by actual or imagin.; 
competition. . 

Once a prejudice has become establish; 
it tends to perpetuate itself. It becomes pa». 
of the atmosphere to which we are exp sed 
from infancy on, not only by what we ay 
officially taught, by what we read, and }y 
what we hear in conversation, but also }; 
subtle gestures and jokes. The desire to coy 
form to what the ‘‘best people’’ do, belie, 
and say is strong in all of us, and if 
happen to hold these prejudices, we ten) 
though quite unconsciously, to emulate they 
Furthermore, these prejudices hold us ai 
distance from the victims of the prejudices 
We never give ourselves a chance to meet 
intimate terms those against whom we a) 
prejudiced. If by circumstances we ar 
thrown in contact with them and find no cop. 
firmation of our prejudices, we tend to re. 
gard these individuals as exceptional cases 
and still go on believing that others of that 
race fully deserve the treatment they set 
On the other hand, when we meet a member 
of a race against whom we do not hold preju- 
dices and find him obnoxious, we either never 
identify him with the group to which he be. 
longs or treat him merely as an obnoxious 
and unfortunate individual. The groups 
against whom we hold prejudices, therefore, 
start out with an initial handicap in their 
relations with us which they are rarely given 
the opportunity to overcome. The burden of 
proof that they are not obnoxious and in- 
ferior is upon them. 

Being thus regarded as inferior and being 
excluded from free association and from 
equal opportunities, the members of a racial 
group who suffer from prejudice may come 
not only to feel inferior but also, through 
unequal opportunities and rewards, actually 
to be inferior. Correspondingly, the holders 
of the prejudice may become confirmed 1 
their smug feeling of superiority by being 
able to point to the evidences of their ow 
superior achievement. 

There is no evidence to show that race 
prejudice is any more inherent in humal 
beings than tastes, preferences, and avel- 
sions in other matters. Race prejudice 3s 
not an instinct nor an innate tendency, but 
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an attitude which has to be acquired, a mode 
| of behavior which has to be learned. New- 
horn infants do not have it. Young children 
are generally free from it, and such experi- 
mental evidence as we have leads us to be- 
lieve that it can be both taught and untaught. 
The mere fact that in different parts of the 
world, among different peoples, in different 
epochs of history, and under differing cir- 
cumstances these prejudices differ widely 
should lead us to see how modifiable they are. 


Factors Affecting the Decline of Race 
Prejudice. It is relevant to ask, therefore, 
what ean be done about these prejudices. 
The problem is not solved by the obvious 
and oft-given advice that we should get to 
know members of the other race more inti- 
mately. Unfortunately, to know all is not 
always to forgive all. The more intimate we 
become with one another, the more, to be 
sure, we shall understand one another, but 
it does not follow that the more intimate we 
become, the more affectionate we become. 
Intimate knowledge of others may lead us to 
like them more, but also to dislike them more 
than we cid before. 

Students of race relations have noticed 
that prejudice tends to decline when the 
group that is the victim of the prejudice is 
no longer in direct competition with the 
group that holds the prejudice. The greater 
the security of a group, the less provocation 
it has to generate and maintain prejudices 
against other groups. Some improvement in 
race relations, therefore, might be expected 
by minimizing or eliminating the causes of 
economic and social insecurity among all 
men. 

It has also been found that it becomes more 
difficult to maintain race prejudice when the 
members of the group against whom the 
prejudice is directed are no longer easily 
identifiable, when the marks—whether phys- 
ical or social—by means of which we classify 
and label them fade out. Since the Negro is 
so distinctly marked by physical traits, the 
prospect that prejudice toward him will dis- 
appear is less than the prospect of the de- 
cline of prejudice toward racial and ethnic 
groups less visibly different from ourselves. 
But even among Negroes, it should be noted 
that many thousands of mixed bloods are 
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annually incorporated into the white group, 
or at least pass among the white group un- 
recognized as Negroes. The more anony- 
mous our society becomes, the more likely it 
is that individuals can pass from one side 
of the color line to the other unnoticed. 

Similarly, race prejudice tends to decline 
when enough exceptions are made. If we 
have the opportunity to meet a sufficient 
number of members of the group against 
whom a prejudice exists who are exceptional, 
then the rule to which they are the exception 
is undermined. Self-respecting individuals 
of a minority group will, of course, be relue- 
tant to accept special treatment. They will 
not be flattered when someone says, ‘‘ All 
Negroes are so and so, but you are an ex- 
ception,’’ or ‘‘I meant no harm, because some 
of my best friends are Jews.’’ But if the 
person who holds the initial prejudice meets 
only persons of the minority groups who are 
exceptional and none who conform to his 
stereotype, the stereotype may finally give 
way. Just as we have attitudes toward 
Negroes, however, long before we have met 
a Negro, so we must not expect these atti- 
tudes suddenly to vanish once we have the 
evidence which contradicts them. As our ex- 
perience which contradicts our stereotypes 
grows, there is at least the likelihood that 
our attitudes will eventually be modified. 
Education, therefore, as it enriches our ex- 
perience, can become a factor destructive of 
prejudice. 

We have had it reaffirmed recently, if we 
had not known it already, that race preju- 
dice is likely to decline when the larger 
group, say the nation, is threatened by an 
external enemy. When there is an enemy 
without, the differences within are mini- 
mized. Thus, in a period of war we realize 
more clearly than ever before that racial, 
religious, and other prejudices constitute a 
danger to our national unity and it begins 
to dawn upon us that, however deep-seated 
our own internal conflicts may have been, 
they are as nothing compared with the con- 
flicts between us and our enemies. 


Consequences of Race Prejudice. Racial, 
ethnic, and religious prejudices can become 
seriously divisive forces in society. They are 
particularly demoralizing in a democracy, 
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where men profess to believe in equality of 
opportunity. They make our ideals seem 
impracticable and impossible of realization. 
They destroy our belief in our own integrity 
and our ideals. They tend to make us esteem 
our fellow men, not on the basis of their in- 
dividual merit or contributions to society, 
but on the basis of some fact or alleged fact 
over which they have no control whatsoever. 

Particularly when we are engaged in a 
struggle against anti-democratic forces do 
these prejudices become inimical to the na- 
tional interest. If the dignity and autonomy 
of the human personality which we profess 
to respect means anything, it means that we 
confer status upon an individual, not by 
virtue of the group into which he was born, 
but on the basis of his performance. We 
regard this as one of the principal differences 
between a caste order—which we began to 
outlive when we abolished slavery—and a 
free society. Whereas in a caste order in- 
dividuals and families occupy a fixed status 
from which they cannot escape and which 
they cannot and do not wish to alter, in a 
society like ours there is, theoretically at 
least, a possibility of relatively free move- 
ment up and down the social scale and there 
is the ever-present incentive to take advan- 
tage of this possibility. 

By maintaining racial prejudices we make 
it possible for our enemies to say ‘‘ You, too, 
regardless of your professions to the con- 
trary, practice racial discrimination.’’ What 
is more, the existence of these prejudices is 
a factor in undermining the loyalty of the 
group that is the victim of them. They pre- 
vent the nation from gaining the benefit of 
the maximum contribution and full partici- 
pation of all of its members in the common 
eause. Just as they cripple the victim, so 
these prejudices also warp the holders. They 
make them blind to what they do not wish to 
see; they breed arrogance and bigotry; and 
not infrequently they lead to wanton ag- 
gression and unprovoked violence. 

Despite the fact that there is no scientific 
justification for linking the physical char- 
acteristics that distinguish the major groups 
of mankind with intellectual or moral virtues 
or defects, this linkage constitutes the very 
heart of race prejudice. Similarly, although 
there is no justification in science for linking 


a given language, religion, class, party. 
nationality with a given racial group, ¢ . 
flicts that are essentially economic, politic, 
religious, or intellectual come to be regar(, 
as racial. What we do not like about ot} 
in our economie, political, religious, and w. 
cial intercourse, we can, under certain ¢iy. 
cumstances, attribute to their race, Ra« 
prejudice thus comes to be transferred ; 
groups which may not be racial at all, hp 
prejudices derived from one source ean he 
used to reinforce and sustain the prejudices 
arising from a very different cause. 

In the past, racial myths have been jp. 
vented to account for the rise and fall] o/ 
empires, to justify and to resist revolution. 
ary movements, to rationalize slavery, war, 
and imperialistic adventures. Racial prejy. 
dices have been used to make discriminatioy 
in economic opportunities, in education, in 
immigration, and in social relations seen 
just and reasonable. They can be used t 
weld together peoples who have otherwise 
little in common, just as they can be used t 
tear asunder groups which history and a 
common social heritage have welded into a 
unity. They have been for a long time and 
are currently being used by our enemies a 
a powerful weapon against us in the present 
World War. 


77 


Private and Public Prejudices. While the 
race prejudices of individuals appear to be 
largely matters of private concern, they are 
by no means purely private, either in origin 
or in their consequences. To the extent that 
they are the product of the prevailing social 
stereotypes they can be modified as other 
collective images are subject to alteration by 
education and propaganda. They can be 
affected for good or ill by laws, official prae- 
tices, and public policy. They can perhaps 
be dealt with more effectively by indirect 
than by direct attack, for they are deeply 
imbedded in the structure of our society and 
hence can be basically altered only as society 
itself is altered. Such prejudices do no 
flourish in a wholesome society where all the 
members enjoy a substantial measure of s* 
curity, where no group feels itself exploited 
and dominated by another group, wher 
group conflicts are at a minimum, or, 
acute, are equitably resolved in accordance 
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with freely accepted rules of the game. In 
an orderly, stable, prosperous, and enlight- 
ened society these prejudices cannot very 
easily become widely diffused among sub- 
stantial sections of the people. What is most 
important, however, is that in such a society 
it is virtually impossible to build organized 
movements upon them. 

Race prejudices, like all attitudes, are not 
only contagious but are cumulatively rein- 
foreed by the day-to-day social interaction 
that goes on in a society. Eventually they 
crystallize into customs and not infrequently 
they are written into laws. When race atti- 
tudes become organized into social move- 
ments and thus acquire the vehicles of or- 
canizations, ideologies, symbols, and_tech- 
niques for their dissemination and sanction, 
they become significant factors in the shap- 
ing of publie policy. In this manner private 
prejudices become matters of utmost public 
coneern. 


Evolution of American Racial Policy. 
The United States has not been free from 
race movements; at different times and in 
different parts of the country different 
eroups have been the object of organized 
race prejudice. From its first settlement to 
the present this nation has followed a suc- 
cession of public policies involving race dis- 
crimination. Our earliest and most dramatic 
instance of public policy with reference to 
race emerged with the first contact of the 
white settlers on this continent with the na- 
tive Indian population. The indigenous In- 
dians, representing as they did an obstacle 
to white settlement, found themselves chron- 
ically in open war with the whites and were 
ultimately subjugated by the technically 
superior invaders. Until very recently the 
Indians were not allowed to share the rights 
of citizens, and those who were not extermi- 
nated were reduced to the subordinate status 
of wards of the government and confined to 
reservations. 

Far more important than the Indian, at 
least from the standpoint of numbers, is the 
Negro minority in the United States. Ever 
since the day when he was first imported as 
an indentured servant or slave from Africa 
he has constituted the principal stock among 
our people subjected to both official and un- 
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official differential treatment based upon 
difference in race. Since the Negro consti- 
tutes nearly one-tenth of our total population 
and is the principal victim of racial diserimi- 
nation, his treatment may serve to illustrate 
the relation between race and public policy. 

Neither in the American Colonies nor in 
the newly formed nation was the Negro in- 
cluded among those who enjoyed the rights 
of citizenship and equal protection of the 
law. He was assigned to an inferior place 
and in general remained in the place assigned 
to him, although sporadic rebellions testify 
to the fact that he did not always meekly 
accept his position as permanent. During 
the period of slavery the Negro was effee- 
tively subordinated to the whites by custom, 
public policy, and law. To be sure, not all 
Negroes nor all slaves were treated alike. 
Some slaves either purchased or were granted 
their formal freedom. The house servants 
were on the whole in a more intimate per- 
sonal relationship with their masters than 
were the field hands, and the treatment of 
the former was considerably more humane. 
But slaves were property and despite their 
unique human qualities, as property they 
were considered in a category apart from 
the rest of society. A body of law and judi- 
cial decisions grew up defining the relation- 
ship between whites and Negroes. These 
legal sanctions heaped upon custom consti- 
tute the principal body of race legislation 
in America. Among the earliest racial legis- 
lation are prohibitions of intermarriage be- 
tween Negroes and whites. 

In the course of the Civil War and the 
collapse of the legal and political support of 
slavery, the power, privileges, and authority 
of the masters were weakened. But formal 
emancipation did not bring either actual 
freedom or real equality. New laws were 
considered necessary to define the new rela- 
tionships between the races when the old 
caste order collapsed. The nation’s attempt 
to superimpose a new pattern of race rela- 
tions upon the South and to force equality 
by law, as evidenced ‘by the Reconstruction 
measures, proved unsuccessful and produced 
bitter reaction. Before the 14th Amendment 
placed limits upon the states, eight of them 
passed ‘‘black codes’’ to make the new status 
of the Negro coincide as nearly as possible 
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with the old. The ‘‘black codes’’ imposed 
restrictions upon Negroes limiting their 
choice of occupations and attempted to tie 
the former slaves to the plantation economy. 
They regulated labor and circumscribed the 
black worker’s freedom of movement. 
Among the legislation restricting the free- 
dom of the Negro are the segregation laws, 
or ‘‘Jim Crow”’ laws, enacted by most of the 
Southern states. Under these laws the states 
which made any provision at all for the edu- 
cation of Negroes did so under the condition 
of the separation of the races in the schools. 
Similar separation was enforced in public as- 
semblies, including churches, on common e¢ar- 
riers, in hospitals, and in penal institutions. 
The Negro was further subjected to differen- 
tial treatment in the courts; he was dealt 
with more severely under the statutes for 
committing certain offenses against whites, 
especially sexual offenses. In some jurisdic- 
tions he was excluded from juries and limited 
in his capacity to testify against whites. 
Negro suffrage, where it existed at all, rested 
upon unequal terms with white persons. 
The 14th Amendment, which granted the 
Negro ‘‘equal protection of the law,’’ was 
met by a negative response from the South 
and induced Congress to pass a series of 
Reconstruction acts beginning in 1867. Mili- 
tary governments were established in several 
of the Southern states and the existing gov- 
ernments declared illegal. The 15th Amend- 
ment, in 1869, was followed by a second series 
of Reconstruction acts, sometimes referred to 
as the ‘‘ Force Bills,’’ designed to lay a con- 
stitutional basis for the enforcement of the 
amendment. With the influx of carpet bag- 
gers from the North and the ascendancy of a 
strong Negro political organization in the 
South, some of the more flagrant anti-Negro 
measures enacted between 1865 and 1867 
were repealed. Under the impact of this 
order imposed from without and flagrantly 
in conflict with custo.a and attitude in the 
Solid South, Southern whites rallied to con- 
solidate their strength and even turned to 
extralegal means to regain supremacy. The 
Ku Klux Klan was merely the most promi- 
nent of a number of organizations that 
sprang up throughout the South to intimi- 
date the Negro and to restore the dominance 
of Southern whites. The Democratic Party 


became the white man’s party and manag 
in most of the Southern states to rewrite jn; 
the laws the repressive and diseriminat 
legislation which the 14th and 15th Amen, 
ments were designed to outlaw. 

Among the legislation calculated to dix. 
franchise the Negro was the 
‘‘orandfather clause,’’ which limited 
suffrage to those who were lineal descendan:s 
of persons who were entitled to vote at sop 
point in time when Negroes were excluded 
Since the Supreme Court declared these lay 
to be unconstitutional in 1915, other devie: 
to restrict Negroes from exercising thejy 
right to vote have been resorted to, among 
them property requirements, the pol! 
and literacy tests which whites were allowed 
to circumvent but which were invoked in th; 
case of Negroes. In addition, when other 
means failed, the Negroes were effectively 
debarred by intimidation from registration 
and voting. 
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Contemporary American Racial Policy 
Both by custom and by law a Negro in th 
United States is today subjected to differen 
tial treatment in almost all aspects of life. 
Without attempting to treat all the forms 
and aspects of racial discrimination, it may 
be well to cite the principal fields in whieh 
the Negro today suffers from grossly unequal 
treatment. 

On the political scene, the Negro in large 
areas of the South is still effectively debarred 
from the franchise. This is done not only 
through the poll tax, but also through his 
virtual exclusion from the primary by the 
Democratic Party, which in effect had com 
to regard itself, with the sanction of th 
courts, as a private social club. What ap- 
plies to voting applies equally to the holding 
of public office. Even in the ease of appoint: 
ments under Federal Civil Service regula- 
tions, the Negro finds himself accepted only 
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in inferior positions, and grossly under-rep- 
resented, and where accepted, to a large 


extent segregated. This is even more true 
in the State governments, except in those 
Northern urban areas where the Negro en: 


joys considerable political power and hence 


can exact certain limited concessions from th 
patronage dispensers. 
In the armed forces racial lines are clear!y 
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recognized. The Negro soldier is on the 
hole strictly segregated into colored units. 
There are few Negro officers and they never 
command white units. Although in our 
earlier history Negroes had distinguished 
records in the United States Navy, only 
recently has the Negro again been eligible 
for our naval forees in any other capacity 
than as messboy, and he has not yet achieved 
officer rank. 

Some governmental agencies on the Fed- 
eral level have recognized the importance of 
race relations as they affect their specific 
activities and have appointed special person- 
nel, such as race relations consultants, to deal 
with these problems. Valuable as their func- 
tion has been, these race relations consul- 
tants, who are generally Negroes, are fre- 
quently put into the impossible position of 
having to serve as shock absorbers to protect 
the policy-making officials against Negro 
protest, while at the same time they are pow- 
erless to deal with the grievances of the 
Negroes arising out of unequal treatment 
and race discrimination. 

In the awarding of war production con- 
tracts by the Federal government, in accord- 
ance with Congressional action, clauses have 
been written into the contracts prohibiting 
racial discrimination in employment. By 
executive order of the President a Fair Em- 
ployment Practices Committee has been es- 
tablished to minimize discrimination against 
Negroes in defense industries, but unfor- 
tunately this committee has little power aside 
from the weapon of publicity to deal with 
violations. 

Segregation legislation in the Southern 
states provides for ‘‘separate but equal ac- 


commodations’’ for the two races. In fact, 
however, separate accommodations have 
rarely meant equal accommodations. This 


‘Jim Crow’’ legislation applies not merely 
to segregation in public institutions, but to 
private facilities as well, including places of 
amusement, restaurants, and even cemeteries. 

Although there is ample evidence of dis- 
crimination against Negroes by legislative 
action, the unequal treatment of the Negro 
goes beyond the scope of law. Though in 
theory he receives the equal protection of 
the law, in fact he must suffer from virtual 
exclusion from juries, inadequate facilities 
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for his defense, the prejudice of the police, 
prosecuting agencies and judges, who are 
generally white; and the disadvantages that 
come from unfavorable organs of publie 
opinion, hostile public sentiment, and the 
ever present danger that if legal methods 
for denying him justice are not effective, 
mob violence will take its place. 

That the Negro has suffered from unequal 
publie services is such a commonplace fact 
that it hardly needs mentioning. A notable 
exception is the equitable treatment of the 
Negro under the Federal relief program dur- 
ing the depression, and under the provisions 
of the Social Security Act, save as in practice 
state and local administrators of these mea- 
sures have been able to nullify the intent of 
the Federal government to avoid diserimina- 
tion in relief and welfare measures. There 
is overwhelming evidence to show, however, 
that not merely in the South but in the North 
as well, the Negro has received inferior police 
protection, sanitary facilities, medical care, 
housing, recreation, and education. 

It is particularly in the field of education 
that racial discrimination has been most 
widespread and has reacted most unfavor- 
ably upon the long-term prospects of attain- 
ing equality of opportunity for the Negro. 
It happens that the Southern states which 
segregate the Negro in the schools are also 
the poorest states and would be able to fur- 
nish only mediocre educational opportunities 
even if they had to maintain only a single 
A dual school system, how- 
burdens 


school system. 
ever, imposes increased financial 
upon these economically disadvantaged areas 
and generally results in grossly inferior 
school facilities and educational opportuni- 
ties for Negroes. This tends to perpetuate 
the already existing inequalities by depriv- 
ing the Negro of opportunities to rise in the 
economic and social scale. 

There is a long history in the United States 
of attempts to impose residential segregation 
upon the Negro by law and local ordinances. 
Recent Supreme Court decisions, however, 
have undermined the constitutionality of 
these acts, and, in the absence of suitable 
legal devices, property owners have resorted 
to private arrangements between themselves 
known as ‘‘restrictive covenants’’ which 
debar Negroes almost as effectively from free 
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choice of residence as if the segregation were 
enforced by law. As yet there is no defini- 
tive decision by the Supreme Court invali- 
dating such private contracts on the ground 
that they are contrary to public policy. 

Even where the Negro is not subject to 
discriminatory treatment by law he is never- 
theless severely handicapped by custom and 
public policy. This is manifested in the sin- 
gularly consistent imposition of unequal 
standards of merit and recognition accorded 
to the Negro in the professions. Even North- 
ern institutions relatively free from public 
pressure, such as higher institutions of learn- 
ing and professional associations, only rarely 
admit Negroes and offer them opportunities 
to make their contributions on equal terms 
with whites. With the possible exception of 
the arts, the Negro is thus made dependent 
upon the more limited rewards and recogni- 
tion that he can derive from his own circum- 
scribed racial group. If it is recognized that 
success in almost all fields of human endeavor 
depends not merely upon native capacity but 
also upon opportunity, hope of reward, and 
traditions of success, it can be inferred how 
severe a handicap is imposed upon even those 
Negroes who have superior talents. Under 
these circumstances it is no wonder that the 
economic, political, and cultural advance- 
ment of the Negro has been slow. Indeed the 
Negro has remarkable achievements to his 
credit in the face of these severe, chronic, and 
cumulative handicaps. 

Discouraging as the prospect of attaining 
more nearly equal opportunities for persons 
irrespective of race might seem to be in this 
country, there are, nevertheless, some signs 
of a greater awareness of the problems in- 
volved and of a willingness on the part of 
the dominant white group, even in the South, 
to make concessions to the rising tide of 
democratic sentiment and enlightenment. 
Aside from Federal legislation and adminis- 
trative policies already referred to above, the 
Negro’s quest for equality of opportunity 
has been immensely strengthened in recent 
years by a number of Supreme Court deci- 
sions. Among these has been the reaffirma- 
tion on April 28, 1941, by unanimous deci- 
sion of the Supreme Court, that Negroes 
traveling from one state to another are en- 
titled to railroad accommodations equal to 


those furnished white persons, which whi); 
it does not specifically do away with secp, 
gation will compel interstate carriers to py 
vide the same accommodations for Neon " 
and whites who buy first-class tickets. 4p. 
other decision of May 26, 1941, held tha; 
Congress has the power to regulate primar 
elections in the same manner in which }; 
regulates general elections, a decision which 
while subject to greatly varying interpreta. 
tion, may undermine the Democratic primar 
system of the South, which has debarred ¢}; 
Negro from the franchise. Of special interest 
are recent court decisions making it manda. 
tory for states which exclude Negroes from 
higher educational institutions and _ profes. 
sional schools to provide such education 0; 
approximately equal quality. A series oj 
decisions in peonage cases and reversals 0; 
lower courts’ decisions in criminal eases jp. 
volving Negroes, on the ground that Negroes 
were excluded from juries and that the de. 
fendants did not receive fair trials because 
of their race, has served as a warning to loca] 
jurisdictions that the Federal constitutional 
provisions establishing equal protection o! 
the law irrespective of race can no longer 
be so easily evaded. The public discussion 
that has resulted from the introduction o! 
anti-poll tax and anti-lynching bills may be 
regarded as a further sign that the nation 
as a whole is concerned about the nullifica- 
tion of the fundamental laws by certain 
states and localities where these laws run 
counter to the racial mores. 

The bold and outspoken statements of lead- 
ing personalities and of organizations—in- 
cluding many in the South—in denunciation 
of racial discrimination are a further sign 
of impending changes. The development 0! 
the CIO as a new labor organization more 
nearly free from the established prejudices 
of the older existing labor groups also augurs 
well for the enhanced employment opportuni- 
ties of the Negro on a basis more nearly equal 
to that of whites. This trend is strengthened 
by recent opinions rendered by the Attorney 
General holding that contracts between em- 
ployers and unions discriminating against 
Negroes are invalid. The passage of more 
stringent civil rights legislation in such states 
as New York and Illinois, which recently 
have received large influxes of Negro m- 
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erants, is another wholesome step. These 
laws provide severe penalties for depriva- 
tion of equal civil rights including equal 
accommodations in private commercial es- 
tablishments. They provide further for pun- 
ishment and damages for mob violence. 
They reaffirm the right of equal access to 
employment opportunities. The New York 
law forbids discrimination by life insurance 
companies on account of race. These steps 
are further indications of growing public 
awareness Of the danger inherent in the 
spread of racial discrimination from the 
South to other parts of the country. They 
suggest a slowly emerging public policy de- 
signed to attack discriminatory racial prac- 
tices generally. 


War Experiences and Post-War Prospects. 
There seems little doubt that this recently 
accentuated awareness of the discrepancy 
between our national ideals and our actual 
practices and policies in relation to race is 
connected with the character of, and our in- 
volvement in, World War II. In a very 
real sense our enemies have thrust the race 
issue apon us. They have attempted to 
make this into a racial war, and the impor- 
tant question for America, therefore, is 
whether the Nazi doctrine of race and the 
practices that go with it shall make progress 
ix. this country and shall be allowed to divide 
us, to undermine our national solidarity, and 
to frustrate the exertion of our maximum 
potential war effort. 

At first glance it would seem that in a 
country as diverse in its racial and cultural 
composition as ours, the propaganda of 
racism would have little prospect of succeed- 
ing and the practices of our enemy in respect 
to what they call inferior races would arouse 
universal horror and disgust. But we can- 
not talk out of existence the racial, religious, 
and cultural conflicts and prejudices which 
have flourished among us and which have 
given rise to organized movements of Nativ- 
ism, Know-Nothingism, Ku Kluxism, and 
other movements of intolerance and bigotry. 
Our enemies have demonstrated the power of 
propaganda which can thrive upon latent 
attitudes of race antagonism and race my- 
thologies, especially in times of crisis and 
under conditions of personal insecurity. We 


must expect our enemies to exploit the re- 
sentment that racial minorities feel against 
the restrictions of their constitutional rights 
to vote, to enjoy the privileges of citizenship, 
and to receive equal treatment under the 
law; against discrimination in employment 
and in publie conveyances; against deliber- 
ate segregation; against unequal educational 
opportunities; against the blocking of their 
paths of personal advancement; and against 
not infrequent mass violence. 

Unfortunately, the stark necessities of war, 
while they have made us more conscious of 
the promises of democracy, have also frus- 
trated our ability to fulfill them. Indeed, 
we have resorted, perhaps unnecessarily, to 
measures which have widened old and gen- 
erated new forms of racial discrimination. 
We have, for instance, indiscriminately 
herded Japanese residents, irrespective of 
their citizenship, into relocation centers and 
thus nullified the dignity of American citi- 
zenship and subordinated it to the criterion 
of race. We have deprived a substantial part 
of our citizenry, solely on account of race, 
of the privilege of contributing its full mea- 
sure of strength to the winning of the war. 

Among the bulwarks upon which we rely 
to protect us from being engulfed by racial 
prejudices are those found in the Preamble 
to the Declaration of Independence, in our 
Constitution, and in the Bill of Rights. 
There are few peoples in the world who have 
affirmed as high a set of principles as these 
to guide their public policy. Far as we have 
been from actually realizing the ideals ex- 
pressed in these noble state documents, they 
do nevertheless constantly remind us that 
as a nation we cherish the principle of the 
equality of men before the law and equality 
of opportunity for all. We know that not 
all men are born equal and certainly not all 
are treated as equals, but we have set equal- 
ity down as a goal toward which to strive 
and as the criterion for determining the 
soundness of publie policy. We are at least 
sure of the direction in which we want to 
move as a nation. 

Race relations policies for any nation are 
no longer a matter of purely domestic con- 
cern. They are issues that concern the world 
as a whole and they will inevitably be an im- 
portant phase of the task of post-war world 
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reconstruction. All the caste-like arrange- 
ments subordinating the colored races 
to the white group are rapidly crumbling 
under the impact of the inevitable and in- 
creasing contacts between peoples generated 
by the spread of urban industrial civiliza- 
tion. The ideals of freedom and human 
equality embedded in the religious and politi- 
cal heritage of occidental society, which were 
given new impetus by the American, French, 
and Russian revolutions, have continued to 
fire suppressed peoples everywhere with the 
ambition to improve their status. The pro- 
test against exploitation and subordination 
of one racial group by another has become 
world-wide. It has awakened the conscience 
of the dominant groups in all parts of the 
world to the indefensibility of their exclusive 
prerogatives based upon race. In the course 
of the struggle against fascism and its accom- 
panying dogma of racism, the democratic 
ideology has acquired new vitality. The 
value of racial equality has acquired such 
political force in the world that even such 
nations as Japan in the course of the war 
have found it advantageous to grant at least 
nominal freedom to some of their conquered 
territories in order to make our own promises 
of freedom to these peoples seem hollow and 
hypocritical. 

Fortunately, our record in the period im- 
mediately preceding the World War offers 
ample demonstration of the fact that we did 
not need the impelling motive of military 
expediency to adopt a more enlightened 
racial policy. Our action toward the Philip- 
pines, for instance, lends strength to the 
belief that we can resist the temptation to 
impose ourselves as imperial masters over 
other peoples and that we can win their loy- 
alty and friendship through improving their 
lot to the best of our ability. Our recent 
efforts to improve the conditions of life of 
the people of Puerto Rico, coupled with the 
suggestion by a responsible official that they 
be given the right to elect their own gover- 
nor, offer similar testimony of our decent in- 


tentions. Our relinquishment of extra-tey. 
ritorial rights in China and Congression, 
action eliminating Chinese exclusion, thoyg} 
beclouded by the fact that these actions wor, 
taken under the pressure of war, constity 

other proof. 

In our own country we have been making 
strenuous efforts through a more enlighteye 
policy toward the Indian to make good +] 
injustices which were done him. In the eas, 
of the Negro, the virtual disappearance 0; 
lynchings, the improvement in education 
health, housing, and welfare, the resolut 
steps toward actual enfranchisement, the im 
provement in the administration of justice 
and the provision through official and unoft- 
cial action of greater employment opportuni- 
ties are other encouraging signs that hay 
received widespread public support. What 
is most important of all is that for all minori- 
ties we have shown increasing concern { 
keep the door of opportunity open. 

While we are far from having eliminated 
distinctions in law, custom, conventions, 
social usages, ritual, and etiquette based 
solely upon differences in race, we are in our 
public policy definitely moving in that diree- 
tion at a faster pace than we have ever done 
before. It must be recognized, however, that 
public policy is shaped by\the citizenry and 
that official action cannot in the long run b 
either too far ahead or too far behind public 
sentiment and opinion. The public senti- 
ment and opinion that will ultimately shape 
both publie policy and private conduct is be- 
coming more world-wide in scope. America 
for centuries has been the experimental prov- 
ing ground for the principle that men irre- 
spective of their race, creed, or origin can 
live and work together harmoniously for the 
common good. If we as a nation can keep 
alive the struggle for the fuller realization 
of the ideals which we have as yet only im- 
perfectly achieved, we shall gain an immense 
source of strength against the enemy and we 
shall have a more certain prospect for build- 
ing a better world for all mankind. 
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MENTAL DECLINE AND ITS RETARDATION 


By GEORGE LAWTON 


WE all want to maintain until death the 
physical, social, and mental effectiveness of 
early and middle maturity. Anyone who 
could find a way of permanently arresting 
decline in any area of human activity, would 
be discovering a fountain of youth; but I do 
not report any such discovery. 

Throughout human history both physical 
and mental rejuvenation have been sought 
through physiological agencies, and this is 
the main trend even today. However, we 
must investigate the extent to which we can 
reverse and retard mental decline solely 
through psychological techniques. This is a 
problem which respectable psychologists sel- 
dom consider, for it is not easy to free the 
topic from its association with magic and 
charlatanry. 

I 

Intelligence, that entity measured by in- 
telligence tests, matures between the ages of 
thirteen and sixteen, and stays on a level 
until the early twenties. Though we gain 
mental stature quickly, we lose it slowly; 
for the gain in ability of the last three years 
of mental age growth (13 to 16) is gradually 
lost in the next sixty years, with the larger 
portion of the decrements coming in the for- 
ties and sixties. By the age of fifty-five we 
have receded to the fourteen-year-old level. 

However, if we separate the different 
abilities involved in the total functioning 
called intelligence, we find that each ability 
has its own rate of decline and its own de- 
gree of susceptibility to remedial measures. 
Peak levels in physiological functions are 
reached earlier than in psychological ones. 
Hence, the more a mental activity includes 
a physiological factor, the more it declines 
with age. 

In what follows, mental abilities will be 
spread out in a kind of spectrum, starting 
with those mental abilities most dependent 
on physiological function, and ending up 
with those least so. 

Vision and Hearing. These functions— 
non-mental but a necessary foundation for 
mental ones—reach their peak in our late 


teens and decline slowly. At the age of fifty, 
there is normally a degree of hearing im- 
pairment for higher tones sufficient to affect 
ordinary conversation. Visual efficiency at 
the age of sixty is ten to twenty percent less 
than at forty. 

Reaction Time. This is a combination of 
speed of perception, involving the senses of 
sight and hearing, and the rapidity of mus- 
cular function. It reaches a peak in the late 
teens or early twenties. Of all the mental 
abilities, it is the most dependent on physio- 
logical function and therefore shows the 
most marked loss. 

Life gives tests of reaction time when psy- 
chologists do not. In automobile accidents 
involving pedestrians, two thirds of those 
killed are over forty. However, in an experi- 
ment of W. R. Miles, twenty-five percent of 
the seventy-year-olds had a reaction time 
equal to the average of the group, the latter 
covering the entire age range. 

Immediate Memory. Although this ability 
reaches its peak in the late teens and early 
twenties, it declines rapidly with age. For- 
getting recent events is one of the classic 
indices of senescence. 

New Learning. The work of Thorndike, 
Miles, and others has shown that the ability 
to learn new things reaches its maximum in 
the late teens and early twenties and then 
starts slowly declining. 

Jeanne G. Gilbert in a study of sixty-year- 
olds also reports that the type of learning 
in which loss is greatest is that of ‘‘paired 
associates.’’ The more a task differs from 
an already existing habit pattern, the greater 
the loss in ability with age. However, imme- 
diate reproductive ability, such as making 
simple repetitions, shows relatively slight 
loss. 

Old Learning. If vocabulary is taken as 
an example, old learning declines little or not 
at all with age, first, because as earliest 
formed material it is not much affected by 
physiological decline. Second, it is learning 
that is constantly exercised. 


Judgment and Reasoning Ability. This 
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develops slowly in general or in a given area, 
reaches its peak latest of all abilities, and is 
among the last to go. 

The strategy of tackling problems often 
improves with age. Harry De Silva, an 
authority in the driver testing field, ob- 
serves : 

Although this decline in reactive time is important 
and should be recognized and allowed for by persons 
as they grow older, it has too often been exagger- 
ated. The oldef person’s improved judgment, better 
emotional control and coolness in the face of emer- 
gencies, usually more than offset the slight loss of 
sensory capacity and motor control. In tests of 
adaptability and vigilance, older experienced drivers 
invariably rank higher than young ones. 

In driving accidents, it is the young age 
groups that are mostly involved. In indus- 
try, the carefulness, good judgment, and ex- 
perience of the older worker lead to a lower 
accident rate. We must note Pressey’s cau- 
tion, however, that in any factory there is a 
continual weeding out of the unfit. 

Creative Imagination. This apparently 
undergoes little or no decline. Through the 
use of the Kinephantom—a revolving fan 
whose silhouette appears like an animated 
ink blot—W. R. Miles found that younger 
and older individuals in an average popula- 
tion achieved practically the same scores. 

Creative thinking has been studied by Har- 
vey C. Lehman. For several kinds, such as 
in philosophy and medicine, the peak levels 
of achievement are at the age of thirty-five to 
thirty-nine. In music, some composers reach 
their height between thirty-five and thirty- 
nine, others reach theirs between forty and 
forty-four. Military leaders and authors of 
best books also reach their peaks between 
forty and forty-four. But the top of the 
political ladder is most likely to be reached 
by men who are between fifty and fifty-nine. 
While Lehman would place the peak of 
human physical strength and skill at about 
twenty-seven to twenty-eight, leadership in 
business and in politics is achieved thirty 
years later. 

Where the unique creative product de- 
pends largely on physiological activity, 
greater achievement will come earlier; when 
it is more dependent on psychological fac- 
tors, it tends to appear later. Dorland shows 
that the average age at which the master- 
piece was produced runs as follows: physi- 


cists, forty-one; inventors, poets, dramatists 
and playwrights, forty-four ; novelists, forty. 
six; explorers and warriors, forty-seyey 
actors and musical composers, forty-eight. 
artists and divines, fifty; reformers and 
essayists, fifty-one ; physicians, surgeons, and 
statesmen, fifty-two; philosophers, fifty-four. 
astronomers and mathematicians, satirist: 
and humorists, fifty-six; historians, fifty. 
seven; jurists and naturalists, fifty-eight, 

It is Lehman’s view that individuals may 
make invaluable creative contributions 4 
practically every chronological age level pp. 
yond early youth. Woodworth also states: 
‘Another condition favorable to inventioy 
is youth, with its openness to new impres. 
sions and its radical tendency to do some. 
thing different from what has been done 
before. But maturity also is necessary for 
socially important creative work... . [i 
would be foolish to draw a dead-line any- 
where. ”’ ) 


II 


Few people live long enough to undergo 
severe obsolescence of all abilities and fune- 
tions. We therefore should speak not of an 
aged person, but of an aged ability, function 
or adjustment, whether it be physical, men- 
tal, emotional, social, or vocational. 

However, as long as we include speed fae- 
tors in our appraisal technique we will dis- 
cover a difference in efficiency between a 
group of persons in the sixties and one in the 
twenties. Miles found that by the age of 
seventy there will be an average decrement 
in strength, skill, and sensory acuity of on 
fourth to one third from the twenty-five. 
year-old average. 

If we eliminate speed and consider only 
mental power, however, the difference be- 
tween older and younger individuals is re- 
duced. Intellectual persistence—a _ non- 
speed factor—does not show age decrement. 
Even with regard to mental efficiency, indi- 
vidual differences may be as great at the 
older ages as at the younger. In most types 
of work, the decrease should not be impor- 
tant and might well be more than balanced 
by greater experience and dependability. 
As Pressey says, ‘‘To the average person, it 
is of little practical importance that he can 
not run as fast at sixty as he ean at thirty; 
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at all ages, the usual pace in self-locomotion 
is the walk.”’ 

Only a small number of individuals in the 
sixties under present educational and voca- 
tional conditions are capable of attacking 
with normal efficiency (i.e., as speedily) 
tasks involving new learning suited to their 
native intellect. Nevertheless, age alone is 
not a sufficient factor by which to judge effi- 
ciency in any particular work, since judg- 
ment, better integration of knowledge, and 
practice over a long period of years will com- 
pensate for losses in motor dexterity and 
sensory acuity. The older individual retains 
almost unimpaired his capacity for solving 
mental problems of difficulty equal to those 
he could solve when younger. 

Older men generally are not suitable for 
pursuits that require long periods of sus- 
tained physical activity, exposure to danger 
of bodily harm, dexterity of the hand, or abil- 
ity of the limbs. But when we need a 
thoughtful application to a particular task, 
older workers can serve as well as, or better 
than, younger ones. The indiscriminate 
shelving of men and women merely for age 
inflicts a loss upon society and the individ- 
ual. If we shift workers from those jobs 
involving speed and strength to those involv- 
ing skills which decline slowly with age, we 
can continue to utilize in industry many 
older men and women. Any defense plant 
today can provide examples of this. Let us 
hope the lesson will not be forgotten when 
the war ends. 

III 

The first to show that we can retard and 
even reverse mental decline was Dr. Lillien J. 
Martin, who at the age of sixty-five started 
the San Francisco Old Age Counselling Cen- 
ter. Until her death at ninety-two on March 
26, 1943, she was still actively engaged in her 
consulting work with aged clients. The writer 
is fortunate to have concluded a period of 
study with her only two weeks before her 
death and to have had access to her case 
records. 

Existing proof that mental decline can be 
retarded is clinical rather than experimental 
and is to be found mostly in Dr. Martin’s 
records. For her clients she devised a suit- 
able psycho-educational remedial exercise for 
each mental ability that showed deterioration 


and for which the prognosis of reversing 
decline seemed good. For each pattern of 
living that handicapped the old person in his 
relationship to people or his job, Dr. Martin 
tried to point a way by means of which the 
client could achieve a new and better pattern. 
The criterion for success at the Old Age 
Center has been a pragmatic one; for ex- 
ample, the individual got a new job, or did 
better on the old one, or established more 
pleasant and effective relationships with 
members of his family. 

My own readjustment work with the aged 
has convinced me that retardation and re- 
versal of decline is possible. I find that least 
amenable to psychological techniques are 
those abilities with a large physiological com- 
ponent; most amenable are those that are 
largely mental. 

However, psychologists doing rehabilitory 
work with older people find that even physio- 
logical deficits can be outwitted through suit- 
able strategies or Every 
deficiency has two aspects, one the defi- 
ciency itself; the other the way it is used. 
Which will it be: to overcome or to be over- 
come by the effect of one’s losses? The atti- 
tude toward the declines shown by the indi- 
vidual involved and by society act and react 
on each other. If the individual disregards 
the changes that can be disregarded and 
develops substitute physical facilities or pat- 
terns of behavior for those changes that can- 
not be ignored, the world is more likely to 
accept the aged individual at his own valua- 
tion; the converse is also true. 

Pressey points out that world records in 
most sports continue to be broken. Some of 
this improvement is due to the better*meth- 
ods of training. A number ofatbJetes, more- 
over, have had to overcome physical handi- 
caps in order to achieve championship 
distinction. If effort, practice, and ingenuity 
ean bring about such gains in sports, there 
are unsuspected potentialities in almost 
everyone. An older person determined to 
utilize his resources to the maximum might 
raise his level of fitness to a degree now 
thought impossible. 

Physiological changes are largely respon- 
sible for the inability to make fresh mental 
associations. Old people talk more about the 
past partly because it has been better re- 
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corded, but also because their younger days 
are more emotionally toned, more tied up 
with a period of life in which hopes and de- 
sire for achievement and activity were at a 
maximum, and were either dramatically 
gratified or frustrated. Youth, finally, is a 
time when most persons have more emotional 
security and warm parental love than ever 
after. An older person who in the present 
has an opportunity to function and in it 
receives love and approval, does not need the 
past as a crutch. He will remember events 
in the present because he belongs to it and 
it belongs to him. Psychotherapy possesses 
great power to unhinge the old person’s over- 
dependence on his past. 

While there is a decrease in the amount of 
learning which persons acquire as they grow 
older, there are minds which, because of great 
inner incentives, are able to amass knowledge 
until the most advanced ages. But even 
ordinary persons, as shown by Thorndike, 
Miles, and others, have far more ability and 
learning capacity than they ever utilize. 

Some of the decreased physiological recep- 
tivity to new learning can be compensated 
for if an old person is compelled to be inter- 
ested in it, as under wartime stress. The 
older person often pretends to be impervious 
to the world about him because he regards 
it asa threat. Many a senescent exaggerates 
his sensory loss in order to escape or to pun- 
ish a world he believes does not like or under- 
stand him, a condition often caused by the 
fact that he has allowed it to grow un- 
familiar, and unfamiliarity, as we know, 
breeds contempt. 

If we reject people vocationally in middle 
maturity, and give them no opportunity or 
reason for learning, we cannot be surprised 
by the results in late maturity. The older 
men and women working in war industries 
or engaged in civilian defense have demon- 
strated a usefulness that except for the war 
might never have been realized, either by the 
community or by themselves. 


IV 


Part of the ostensible mental loss of older 
persons is simply the piling up of poor work 
habits; a job or life situation is of a tread- 
mill type. If activity is essential to the 
preservation of mental ability, this is an 


additional reason why retirement is wna. 
visable for many older’ people, and why dies 
union and every professional organizatio; 
should have a department which wil! plan 
for retirement to, not retirement fry» 
People should be retired not on a particys; 
day, but over a period of years by means 9; 
a stepping-down and retraining process, an) 
through the medium of a job reallocation, 
bureau, operating within the industry or pro- 
fession itself. Someday every communi 
may have its schools for older people wit! 
courses of study designed for the special 
needs, interests, and abilities of men and 


” 


women in the sixties, seventies, and eyey 
eighties, and with vocational guidance coup. 
selors doing a tailor-made guidance job for 
individual old people. 

Ultimately we also shall have to develop 
a whole repertoire of ways to utilize the judy. 
ment and experience of older people, whether 
these be in an advisory and teaching capac. 
ity, in the field of family and home relations, 
in industry, or in some work of an eduea- 
tional, social service, or recreational charac. 
ter. Advisory functions might be exercised 
within the family, but since the generations 
in our culture are not always amicably dis. 
posed toward one another, a clearing house 
by means of which an older individual might 
find young people to guide would help keep 
his interest alive and his mind active. In- 
stead of pitting age against youth, we should 
strive to realize the potentialities of each 
Cooperation, rather than competition, will 
bring out the best in each age grouping. 

A good emotional adjustment is essential 
to continued utilization of whatever mental 
efficiency one possesses. Many factors which 
are unrelated to age or to intellectual decline 
as such, may lead to a pseudo-senescence 
Some of these are: family dissensions; feel- 
ing of inadequacy; pressure, real or imag- 
inary, from a superior or from youthful com- 
petition ; money difficulties; an insecure jo); 
unemployment. It is fear of aging, rather 
than the aging process itself, which often 
causes a functional loss in the mental realm 

We cannot dissociate intelligence from 
such other factors as motivation to learn, 
pressure to utilize fully what has been 
learned, and environmental opportunity. As 
Lehman points out, how can we motivate the 
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older individual as well as the younger one 
if the oldster has attained many of his life 
goals or if at some arbitrary age he is com- 
pelled to stop having goals? Does our civi- 
ligation offer the older adult the same intel- 
lectual diet and opportunity to learn as it 
does the younger adult? 

It may be that some old people are either 
unable or unwilling to assimilate much new 
experience. But before we accept this as a 
psychological law we must discover how 
much new experience our culture makes 
available for them. Our society does make 
a slight attempt to meet the custodial, eco- 
nomic, and medical needs of older people. In 
peacetime, however, we make no attempt to 
provide for their mental stimulation and 
thus contribute to the preservation of intel- 
lectual abilities. 

The best solution is to have at presenescent 
age levels continuous adult education, and 
recreational, vocational, and personal gui- 
dance. A program providing for the indi- 
vidual’s time during the post-employment 
period should be drawn up by management 
and worker while the latter still is employed. 
The old person who, while not physically in- 
capacitated, wants to spend all his time 
‘“‘resting,’’ is a neurotic now grown old. 
This he does either because of past failures, 
fear of future ones, or because he feels his 
efforts will be inadequately rewarded. The 
rocking chair type of senescent needs either 
vocational guidance, psychotherapy, or both. 
What he gets today is a better rocker. 


The ideal situation for preserving mental 
abilities is one where an old person is pro- 
vided with moderate economic security and 
medical care, but where-he is constantly 
being compelled to face and solve problems 
that tax him to his mental limits though not 
beyond. Retirement allowances, medical 
care, institutions, homes—these no 
meet the total mental, emotional, and social 
needs of older people than the same facilities 
would meet the needs of children. 

Best for old people would be real jobs, real 
family relationships, real and challenging 
tasks in a civilization that needs them and 
wants them. But if men and women over 
sixty cannot be given lives that are real, 
they must have them by proxy. The aged 
need schools, recreation centers, arts and 
erafts centers, sheltered work shops, adult 
playgrounds, marriage brokers, social clubs. 
They need bureaus for the exchange of ser- 
vices. They need to adopt, spiritually, young 
people and whole families; they need volun- 
teer and part-time jobs. Recreational and 
creative activity, personal fulfillment, edu- 
tion, drawing from society and contributing 
to society—none of these, no matter how 


more 


achieved, need ever end. 

The late Earl Balfour, as he lay dying, 
whispered: ‘‘This is going to be a great ex- 
perience.’’ To meet every changing vista or 
circumstance in terms of its power, not for 
hurt, but for enlightenment or stimulation, 
is to be prepared for waning physical powers, 
loneliness, misfortune, or mental decline. 











THE SCHOLAR AS TEACHER 


By RALPH F. SHANER 


Away back in 1913, when I took up Biol- 
ogy at Lafayette College, I underwent an 
unforgetable experience. Professor Alvin 
Davison did not teach as other men do; he 
led us to teach ourselves. He divided the 
substance of each course into topics which he 
assigned to the students in turn. For ex- 
ample, he assigned me the teeth of the cat. In 
the laboratory stood a small box of ordinary 
index cards. On one of these I found a few 
general directions and references. With no 
other guidance, I bent over specimens and 
books for a week. On the appointed day I 
was the professor for fifteen minutes. I 
demonstrated my specimens with the aid of 
blackboard drawings, self-made charts, and 
any other device I could think of. Each of 
the students of the class presented a similar 
report in rotation throughout the two years 
of the course. 

I doubt whether Professor Davison gave a 
half dozen formal lectures. One was a sub- 
stitute for a final examination. We had no 
tests or final examinations. Attendance at 
the laboratory was not checked. The stu- 
dents might be anywhere collecting material 
or making field tests. Microscopes, books, 
and reagents stood on their shelves to be 
taken down at will. The door of the build- 
ing was never locked. It was a common sight 
to see a lone student busy late at night chang- 
ing reagents or transferring cultures. 

Biology was not an easy course. The in- 
dustry of the ‘‘cat lab’’ was proverbial. 
The professor seemed busy with his own 
affairs, but he knew all that happened. The 
slacker was reproved, and the puzzled worker 
was given timely help. We students did the 
rest. 

The reader will recognize the similarity of 
Davison’s method to the innovations of ultra- 
modern progressive educationalists. Davi- 
son never claimed any originality; he re- 
marked once that he had been brought up in 
it by his own teacher. The method was not 
new with his teacher, either. On the con- 


trary, it has a history of some length and 
significance to American higher education. 
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For its origin one must go back to [ena 
Dollinger (1770-1841), Professor of Ana. 
omy at Wurzburg and Munich. A man 
extraordinary scholarship and technical pro. 
ficiency, Dollinger is remembered chiefly fo; 
his pupils. His own son was the celebrated 
theologian who suffered excommunication fo; 
leading the opposition to the adoption of the 
doctrine of Papal Infallibility. His sons jy 
spirit were Purkinje, Pander, Martius, yoy 
Baer, and Agassiz, every one a great man iy 
the natural science of the first half of the 
nineteenth century. 

Dollinger’s method of teaching is de. 
scribed by his most famous pupil, Karl von 
Baer, the founder of the science of embry. 
ology. Von Baer was educated as a physi- 
cian at Dorpat in his native Esthonia. His 
medical course was interrupted in 1812 while 
he served as medical officer to the German 
contingent of Napoleon’s army on its march 
into Russia. The horrors of the campaign 
turned von Baer from medicine to natural 
science. Someone suggested that he apply 
to Dollinger at Wiirzburg. 

Taking a parcel of mosses as an introdue- 
tion, he presented himself to Ddollinger: 


I gave him the package of mosses from Martius 
and explained that I wished to study comparativ 
anatomy under him. ‘‘I do not lecture on compar: 
tive anatomy this semester,’’ replied Déllinger as he. 
opened the package with his characteristic calmness 
and deliberation and began to look them over. I was 
thunderstruck. Dollinger looked over the mosses a 
while, and then noting that I still stood there, turned 
and looked me over a bit, and continued with his 
same deliberateness, ‘‘ But why lectures? Bring some 
animal, any animal, and dissect it here, and after 
that something else.’’ 


Casting about for material, von Baer hap- 
pened upon a leech at an apothecary shop. 
Déllinger gave him a few directions and then 
left him to his own devices. The first dis 
section was a crude affair. Dollinger then 
brought him Spix’s monograph on the leec! 
to show him how the dissection should be 
done, and directed him to repeat the work. 
In this manner von Baer progressed from 
animal to animal. At each step Dollinger 
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lent him some standard monograph, gave a 
little advice, and then left von Baer to work 
things out himself. In the same casual way 
Dillinger led von Baer into the new science 
of embryology and started him on his life 
work. 

Von Baer was what would now be called 
a graduate student, but much the same sys- 
tem of teaching prevailed in the undergradu- 
ate course in anatomy at Wurzburg. Dr. 
Hesselbach, the junior professor, carried the 
method to extremes. Beyond preparing a 
model dissection, he refused to give any di- 
rections. When asked for advice he only 
pointed out to the student the part that 
should be dissected further. He behaved as 
if he were dumb. 

When von Baer came to teach anatomy at 
Kénigsberg, he introduced the modern lec- 
ture-laboratory method of instruction. His 
opinions on teaching methods are worth 
reading : 

As a rule a lecture provides little more than a 
stimulus for the listener. Real fruits come only from 
self-application. If the lecture attempts to give 
facts to be stored in the memory, whether by pictures 
or by werds, they do not sink in very deeply at the 
time and certainly are more quickly forgotten than 
when one takes pains to imprint them, and learns 
them by lingering over them long enough to become 
thoroughly familiar with them. 

The student working by himself will need very 
much some judicious guidance in general theoretical 
concepts and in the making of observations, and the 
guidance must be that of an experienced and discern- 
ing man who is completely at home in the subject. I 
do not consider the Professor superfluous, after hav- 
ing been one myself so many years. I do think, how- 
ever, that he should aim more to teach the students 
to teach themselves than has hitherto been the prac- 
tice in some courses. 

Instead of demonstrations by the instructor (which 
I consider only harmful), I had the student demon- 
strate his finished preparation to me. I gave the 
student help only when he showed that he had tried 
to find his own way. Every student should have his 
text beside him. 


The writings of von Baer exercised great 
influence upon Huxley. Huxley introduced 
von Baer’s methods into his teacher training 
class about 1870, and thereby started a revo- 
lution in science teaching in England. One 
of Huxley’s demonstrators was H. N. Martin, 
who later came to Johns Hopkins and carried 
the method to America. 

Shortly afterward, F. P. Mall became the 


first Professor of Anatomy at Johns Hopkins. 


Mall was also a great admirer of von Baer. 
Mall reverted to Dollinger’s original plan 
and dispensed with lectures almost alto- 
gether. The reaction of the students is de- 
scribed by Gregg: 


Just after that conversation I saw in the street a 
student I had known when we were together at a 
boys’ camp. I taxed him for information about 
Hopkins. ‘‘Oh it’s wonderful,’’ he said, ‘‘and what 
teachers,—Welch, Howell, Abel, . . . all except one.’’ 
‘Ts that so,’’ I replied, ‘‘and who is he?’’ ‘‘Oh 
his name is Mall. Do you know what he did the very 
first day in Anatomy? He said, ‘Gentlemen, the dis- 
secting rooms are open from nine in the morning till 
ten at night. I can recommend the three following 
textbooks. There will always be some one there to 
help you if you get stuck, and when you are ready 
to take the examination, let us know.’ Now if you 
can beat that for a —————— of laziness you’re going 
some.’’ 


Mall began his work at Hopkins in 1893. 
The storm he raised in medical education still 
rages. 

The spirit of Dollinger came to America 
even more directly through Louis Agassiz. 
Agassiz lived with Dollinger in his later 
Munich days and, like von Baer, acquired a 
lifelong interest in embryology and in orig- 
inal ways of teaching. Agassiz, as Professor 
at Harvard from 1847 onward, exerted a 
powerful influence in college science depart- 
ments of his time. His way of dealing with 
students is illustrated by the following anec- 
dote of President Eliot: 


William Sturgis Bigelow, son of the eminent sur- 
geon, Henry J. Bigelow, went through the medical 
school between 1871 and 1874, but at graduation was 
not sure that he wished to be a doctor or a surgeon. 
One day he said to his father: ‘‘I want to study some 
more natural history before I decide to be a practic- 
ing physician. I want to go to Professor Agassiz’s 
laboratory and study under him.’’ His father 
thought the son’s scheme was foolish, but that he had 
better try it. On the first day Agassiz gave him a 
trilobite and said to him: ‘‘Look carefully at this 
trilobite and describe in this notebook everything you 
can see on this fossil.’’ He said nothing more; and 
young Bigelow worked all morning on these direc- 
tions. In the afternoon Agassiz appeared again at 
Bigelow’s desk and remarked: ‘‘That’s pretty good 
so far; but you haven’t finished by any means. Go 
right on.’’ Young Bigelow put in all the afternoon. 
The next morning Agassiz came in again and re- 
marked: ‘‘ Bigelow, you are getting on. Keep right 
at it.’’ 


Agassiz was a research man of very first 
rank, a profound scholar, and gifted lecturer. 
He trained a whole generation of American 








a ene ata 





320 THE SCIENTIFIC MONTHLY 


teachers of natural science. He was in all 
likelihood the source of the teaching methods 
used by Davison at Lafayette. 

It appears then, that some modern trends 
in education have a quite respectable history, 
and one long enough to afford a basis for 
evaluating some present-day proposals. 

There is little question that students in 
general college courses would benefit from 
fewer lectures and more self-study. One who 
has not passed through such a course as we 
had at Lafayette cannot appreciate the men- 
tal exhilaration and abiding interest in schol- 
arship that we acquired. What we taught 
ourselves, we learned forever. What the 
other students taught us may have faded, but 
we know how to get it back again. No finer 
training for life or for later teaching can be 
conceived. 

But for technical and professional stu- 
dents the case is otherwise. Life is too short, 
the amount of exact information needed is 
too great, and the significance of much of it 
too remote. A skillful lecturer is needed to 
guide the student through the maze of detail, 
to put first facts first, and to supply a tem- 
porary sustaining interest, that the student 
may hold his knowledge until experience pro- 
vides a permanent interest. Much must be 


learned by rote. Why apologize for , 
learning? Man and animals learn the fy, 
mentals of daily living by rote, and ung 
stand why things are done so afterwards, | 
is the only practical way to learn ja 
things. 

Students and circumstances vary, but 
thing is always needful: a teacher wh) 
ein erfahrener und umsichtiger Mann der 
der betreffenden Disciplin vollkommen or 
tirt ist. There is no substitute for erit 
scholarship and common sense. Resear 
ability is a noble attribute of any teacher, } 
the glamor of published papers must 
blind us to the truth that original investieg. 
tion benefits the teacher and his students 
only in so far as it enriches and refines his 
eritical scholarship. The savant deserves 
more recognition than he is accorded in 
colleges and universities. 

What shall we say of the teacher who dea] 
out the dregs of old subjects in neat ne 
packages, attractively labeled, and y 
knows as much of what he teaches as ¢} 


salesman does of the goods he sells over the 


counter? The salesman as teacher is a ney 
phenomenon. He may impress business me 


but hardly their children, unless students are 


different from what they used to be. 
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PLANT BREEDING BY INCUBATOR 
METHODS 

Nor unlike the famed Caesarean section 
and the incubation of immature animal em- 
brvos is the technique employed in plant 
breeding whereby the embryo is dissected 
from the mother fruit during the growing 
season and placed in an ‘‘incubator’’ under 
aseptie conditions, properly nourished with 
various salts and a sugar supply, with the 
result that a new individual is produeed—an 
individual which might otherwise have per- 
ished. 

An illustration of its usefulness is pro- 
vided by the plant breeder working with the 
stone fruits—the peach, cherry, plum, and 
apricot—and who is breeding for early-rip- 
ening varieties of these fruits. When crosses 
are made in which a very early-ripening 
variety is used as the female parent, a high 
proportion of abortive embryos are produced. 
In fact, no viable embryos have ever been 
secured from crosses involving certain varie- 
ties as female parents. To be sure, a fruit 
may be produced in the crossing, but when 
the pits are planted no seedlings develop. 

In nature, accordingly, evolution is blocked 
in the direction of breeding for still earlier- 
ripening varieties of these fruits. Both the 
fruit grower and the housewife will attest to 
the greater natural abundance of late-ripen- 
ing varieties than early-ripening sorts. Late- 
ripening varieties tend to reproduce other 
late-ripening sorts, but the early-ripening 
varieties tend to eliminate themselves by 
their failure to produce viable seed. But, 
by the employment of the incubator tech- 
nique, it is possible to breed in the direction 
of varieties ripening still earlier: it becomes 
practicable to use early-ripening varieties 
for both parents, to cut the resulting embryo 
from the mother fruit during the growing 
season before the embryo has disintegrated, 
to culture it by incubator methods, and to 
develop fruiting trees which may be the fore- 
runners of new varieties ripening even 
earlier, 

The technique in detail calls for the use of 
some suitable incubating chamber, such as a 
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$-ounce glass bottle with 


which must be both sterile and clean so as to 


metal screw eap, 


be free from any possible source of contami- 
nation. 
solution containing certain essential salts and 


Into the bottles is placed a nutrient 


a source of carbohydrate, such as glucose, 
plus an agar gel as a surface upon which to 
grow the plant, since the embryo does not 
develop when submerged. <A %-percent agar 
gel has been found sufficiently stiff to sup- 
port the embryo on the surface, and yet suffi- 
ciently soft to permit easy penetration of 
roots and easy withdrawal of moisture and 
nutrients for growth and development. 

The fruit is brought into the laboratory 
during the growing season at about the stage 
when by examination it has been found that 
the embryo is checked or aborted. The fruit 
is washed and carefully opened, exposing the 
The seed itself is then carefully dis- 
sected so as to remove the seed coats and other 


seed. 


enclosing tissues, and the naked embryos are 
removed and placed in the sterile incubator 
bottles. 

Two methods have been used; namely, one 
employing a disinfectant of 2 percent chlo- 
rine solution and another in which no disin- 
fectant is used. While in the early years of 
study a disinfectant was found essential to 
free the culture from contamination, later 
developments have made it possible to remove 
the embryo under aseptic conditions without 
the use of a disinfectant. Growth is similar 
by both methods, the latter being superior 
for young embryos and for delicate tissues. 

After a few weeks in the incubator bottles, 
and when the embryos have developed suffi- 
cient shoot and root to support the young 
plant, the new individuals may be shaken 
from the bottle and transplanted to sterile 
sand supplied with a nutrient solution. 
When the plant has reached sufficient size 
in the sand, it may be transferred to soil, and 
finally placed in the open field for develop- 
ment as a tree. Peach, cherry, plum, and 
apricot embryos grown by this method have 
developed into vigorous trees which have 
borne fruit. In fact, so successful has the 
method been that one large nursery firm in 
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California employs a plant breeder to use it 
in order to develop varieties of peaches 
needed by Southern California horticulture. 

But this is only one specific instance. 
There are others. For example, crosses be- 
tween different species of plants are often 
unsuccessful owing to failure to develop 
viable seed—an obstacle frequently traced to 
physiological upsets and early abortion of 
seed and embryos. In such situations the 
embryo culture technique has been applied 
most successfully. For example, species 
crosses between different taxonomic sections 
of Prunus have given 72.5 percent germina- 
tion by embryo culture methods and only 4.8 
percent germination without such aid. Still 
further, 26 out of 62 attempted subgenera 
crosses of Prunus—still more distantly sepa- 
rated then sections of Prunus—have been 
made successfully by embryo culture, as com- 
pared with only 3 out of 304 without surgical 
assistance. The lily, too, has responded well; 
15 species crosses have been made which have 
heretofore been listed as failing to produce 
viable seed. In the same manner many 
genetically possible but hitherto unobtain- 
able crosses have been realized. 

In all the successes so far reported with 
non-viable or abortive embryos it appears 
that the growth of the embryo is normal up 
to the time that a check occurs in its develop- 
ment, and that this checking is often asso- 
ciated with an interruption in the food sup- 
ply and is a starvation effect. Accordingly, 
if an external source of food is provided 
under conditions favorable for growth, nor- 
mal development continues. 

So optimistic a picture requires consider- 
able qualification. There are many instances 
in which embryos have failed to develop nor- 
mally in culture. When embryos of some 
plants have been excised from the fruit 
fairly early in development, they have re- 
mained in a living and yet arrested stage for 
months under the conditions provided. In 
other instances they have developed curious 
growth patterns, characteristic of the age of 
the embryo when removed from the fruit, 
but not at all typical of the plant from which 
they were excised. 

Much progress is being made in improved 
conditions of culture and in nutrients pro- 


vided. For example, coconut milk has poo 
found favorable for embryos of the Jingo 
weed, and young pine embryos have ». 
sponded to heteroauxin and thiamin. fy. 
periments so far made indicate some deep, 
of usefulness of embryo culture for breeding 
the following plants : tobacco, tomato, radis) 
Jimson weed, cotton, lily, violet, gino; 
pine, cherry, apple, pear, peach, plum, apy. 
cot, rose, and olive. . 
Quite aside from its value in growing ep. 
bryos which are otherwise non-viable. th 
embryo culture method has been usefy] jy 
speeding up the breeding program with er. 
tain plants whose embryos normally do yo: 
germinate as soon as they mature. 
ample, the seed of the rose and of many tree 
fruits must be after-ripened at a temperature 
of about 41 degrees Fahrenheit under moist 
conditions for a period of 6 to 16 weeks, de. 
pending upon the plant. Such seed does no: 
start to germinate until the second season 
after the cross has been made. But by t 
embryo culture technique it is possible t 
germinate embryos even before they have be. 
come fully mature and thus to speed th: 
number of generations secured in a given 
interval of time. In fact, it has been demon. 
strated that roses can be hybridized in Sep. 
tember, the immature embryos excised and 
eultured in December, and the resulting 


For eX. 


a 7-month period. 

There are as yet many unexplored poss- 
bilities for application of the embryo culture 
technique, and many challenging questions 
are raised. For example, what is the status 
of a plant which has heretofore been con- 
sidered sterile in nature and which by culture 
of its non-viable embryos produces viable 
seed ? 

And finally, many interesting relationships 
are found between the development of plant 
embryos and animal embryos. Because 0! 
the nature of the material, the incubation 0! 
immature plant embryos offers opportunity 
to observe embryos in large numbers at var: 
ous ages and stages of development. Studies 
of the growth patterns produced and of the 
nutrients and cultural conditions required 
promise to throw light on animal embryology 

H. B. TuKEY 
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SOME RECENT TRENDS IN GEOLOGY 

GroLoay is one of the youngest sciences, 
having acquired the status of a science about 
1800 by the publication of Playfair’s inter- 
pretation of Hutton’s classic and fundamen- 
tal observations in England. It became 
firmly established in the family of natural 
sciences by William Smith’s engineering 
work that led to stratigraphic studies and 
ceologie mapping, and even more by Lyell’s 
brilliant textbooks and articles in the 1830’s 
and later years. About the same time, geo- 
logic articles and textbooks were appearing 
in the United States and state geological sur- 
veys were being organized. But a revealing 
light upon the infant science is cast by Mer- 
rill’s observation that ‘‘at this date [1800 
ea. | . none of the sciences were taught in 
the colleges and other institutions of learn- 
ing in America or England. Indeed, the 
general trend of public opinion was decid- 
edly against the study of geology. = 
Landmarks of progress were established by 
the appointment, in 1802, of Benjamin Silli- 
man at Yale and the founding, in 1818, of 
the American Journal of Science. Slightly 
more than a century thus measures the time 
of geology as a research science. 

The youthful and virile science of geology 
made rapid progress during that century in 
interpreting man’s environment and in dis- 
covering and utilizing geologic resources for 
the material welfare of society. It has devel- 
oped into a mature science, the principles of 
which are of daily, widespread application 
in times of peace and of war in this age of 
the ‘‘Use of mineral resources.’’ Geologic 
thought on fundamental principles has had 
various trends during this century of growth. 
A few of the 20th century trends are here- 
with interpreted. 

The science of geology, like other sciences, 
has become more specialized during recent 
decades. Instead of geologic facts and prin- 
ciples being closely knit in a comprehensive 
unit, which any well-versed geologist could 
readily apprehend, field and laboratory re- 
search has resulted in the development of 
numerous branches as primary offshoots of 
the main trunk. Other sciences, particularly 
chemistry and physics, have nurtured some 
of the offspring until certain interrelations 
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have become fixed. Some of the relatively 
new branches have grown into mature units: 
for example, the Geological Society of 
America at its 50th anniversary in 1938 
recognized eight well-established major divi- 
sions of geology, which are subdivisible into 
twenty-five sections. In harmony with this 
decided trend toward specialization, the Geo- 
logical Society and the American Association 
for the Advancement of Science have assisted 
the founding of several specialistiec profes- 
sional societies in the realm of the parent 
science of geology. 

Pure research in geology and its economic 
applications have become more closely re- 
lated during the 20th century. This trend 
no doubt will be accelerated by the urgent 
wartime need of the services of geologists 
and mining engineers to discover and de- 
velop adequate supplies of strategic minerals 
to win the war and mature the peace. Field 
work on all the continents and intensive re- 
search in industrial and university labora- 
tories will support this trend. Pure research 
in most fields of geology may have slight op- 
portunity to be cloistered in the post-war 
epoch of international industrial develop- 
ment. 

A significant trend in economie geology has 
been the increased emphasis placed upon the 
diversity of local geologic environments in 
which recoverable quantities of petroleum 
may have accumulated. The need of exten- 
sive and intensive field exploration and labo- 
ratory research has been sharply accentuated 
by the depletion of our known petroleum 
reserves by the insatiable demands of this 
war. Full-scale post-war industrial activity 
and transportation will also require very 
large amounts of petroleum. Many types of 
*‘pure’’ research have in the last quarter 
century been skillfully applied to the solu- 
tion of the general problem of increasing 
production from known fields and of discov- 
ering new fields. 

Geophysics, the application of physies to 
the solution of geologic problems, has had a 
large part in some of the field programs since 
the first world war. The fundamental prin- 
ciples of sedimentation, once largely of aca- 
demic interest only, have been more rigor- 
ously and widely applied. The study of 
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micro-faunas, also formerly of interest 
chiefly to paleontologists and biologists, has 
become an indispensable handmaiden of the 
geologist exploring for petroleum. More at- 
tention has recently been given to all the 
factors in the regional geologic history of a 
prospective petroleum district rather than to 
one or a few factors. 

The sudden demands of the rapidly ex- 
panding armed forees and huge industrial 
plants throughout the nation for large quan- 
tities of ground water have focussed atten- 
tion upon the fact that this indispensable, 
familiar geologic resource is locally limited 
in distribution and amount and that in many 
areas geologic principles and techniques must 
be applied in order to obtain adequate sup- 
plies. In consequence of such recent develop- 
ments, ground water is becoming more and 
more recognized as being in the realm of 
economic geology. In passing, it appears 
strange that it has taken such a long time 
to classify ground water with other fluids in 
the rocks, to the acquisition of which geologic 
principles and techniques have been applied 
almost from the first industrial production. 

Geologic field investigations and laboratory 
studies, made during the 20th century, of 
the fundamental constitution of coal have 
paved the way for a forthcoming technologic 
development of great industrial importance 
and individual interest ; namely, the produc- 
tion of petroleum derivatives by the hydro- 
genation of coal. Synthetic gasoline is 
destined sometime, possibly within this gen- 
eration, to take a strategic part in our 
national economy. Geologic and other scien- 
tifie studies of vast deposits of ‘‘oil shale’’ 
also will have an important part in that 
forthcoming industrial drama. 

Clay, long considered chiefly as the prod- 
uct of certain geologic processes and as an 
essential raw material in the ceramic indus- 
tries, has become in the last decade or two 


the object of more critical geologic analysis 
Not only are the results of industria] val 1 
but the precise, quantitative studies ha) 
contributed to the solution of purely seie; 
tific problems in the realm of geology. 1; 
value of these studies in the solut‘»n of ; 

manifold problems involved in a' thoroye! 
study of our most basie geologic resource 

the soil—has only recently become wie] 
recognized. The new science of soil geolom 
is developing in our midst. 

Other mineral resources are being vive 
precise study as never before. Limestone 
for example, is no longer just a commo, 
rock. The chemical composition and physi. 
eal constitution of many common earth mate. 
rials and their relations to geologic environ. 
ments are being determined on a quantitatiy, 
rather than a qualitative basis. Exactitude 
in geologic research is supplanting, so far as 
possible, reconnaissance generalization. 

Alongside the specialization of geology in 
recent decades and the development of mo. 
exact methods of field and laboratory re. 
search, another significant trend has been 
developing. In the early days of geology, 
the educated public had little difficulty in 
keeping informed about the significant dis- 
coveries and even of the development of 
some of the principal arguments. With th 
inereasing specialization of the science, the 
public has wholly lost touch with many of its 
significant and socially important aspects 
It may be more accurate to say that geolo- 
gists have lost touch with the public. A sig- 
nificant sign of the times is that numerous 
geologists have become aware of the wide- 
spread lack of knowledge by the educated 
public as to what geology is and what it is 
good for. Thus have developed more and 
more attempts to interpret the findings oi 
geologic research in terms that the educated 
public can understand. 

ARTHUR BEvAN 
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BOOK REVIEWS 


MATERNAL OVERPROTECTION* 


THE twenty case studies in maternal over- 
protectiu. presented in this book comprise 
the residual distillate of 2000 case records 
or 200,000 hours of case contacts accom- 
plished at the former Institute for Child 
Guidance, New York City. Maternal over- 
protection is tentatively defined as ‘‘...a 
type of neurosis, in which especially proc- 
esses of guilt result in exaggerated maternal 
eare.”’ The criterion of ‘‘pure’’ overprotec- 
tion which determined selection of these cases 
is defined as ‘*. .. exaggerated maternal 
love... overprotection which is not deter- 
mined primarily by neurosis.’’ This cri- 
terion was satisfied when the following 
characteristic relationships between mother 
and child prevailed: excessive contact; in- 
fantilization; prevention of independent 
behavior; and lack or excess of maternal 
control. These mothers, according to the 
findings of psychiatrists and social workers 
who participated in the study, manifested a 
strong ‘‘maternal drive.’? They were ‘‘nat- 
urally maternal’? women whose maternal 
behavior had been intensified by psychic and 
cultural factors. 

The life histories of the mothers revealed 
a deeply frustrated craving for love in child- 
hood, anxieties during the period of anticipa- 
tion, including in many cases a prolonged 
fear of sterility, and extra hazards concern- 
ing the child’s health in infancy. Sexual 
incompatibility predominated in these mar- 
riages. 

Direct psychotherapy with overprotected 
children in this study failed completely. As 
the author points out, ‘‘To expect a boy to 
overcome his mother’s overprotection and 
modify behavior highly satisfying to him was 
certainly expecting too much.’’ This obser- 
vation should prove useful to many clinicians 
and social workers who adhere to the grim 
do-or-die philosophy in their contacts, espe- 
cially in view of the unavoidable ego involve- 
ment which relationship therapy entails. 
This simple statement cuts many a Gordian 
knot of therapeutic failure in the clinic. 


* Maternal Overprotection. David M. Levy. 417 
pp. Sept., 1943. $4.50. Columbia University Press. 


The book fairly bristles with exceedingly 
valuable clinical insights into the dynamies 
of overprotection and its treatment. For 
example, it was found that the attitudes of 
the mothers underwent little change despite 
the evidence of partially modified overt be- 
havior. These fundamentally 
women really wanted help in re-establishing 
the mother-infant relationship and resented 
the clinic’s attempt to lead the child into 
maturity. 

The most successful techniques consisted 
of direct environmental change (camps) and 
specific advice combined with actual demon- 
stration in the home. A foliow-up survey 
of cases one or two years subsequent to 
therapy revealed that more than half of the 
children were partially or successfully ad- 
justed. A later follow-up of nineteen cases 
into late adolescence or adult life indicated 
that more than sixty percent of this group 
were ‘‘partially adjusted.’’ Whether the 
term ‘‘adjustment’’ is applicable in these 
cases is a debatable point. These follow-up 
studies highlight the perseverating effects of 
the silver-cord relationship. 

Dr. Levy has made an important contri- 
bution by so lucidly delineating the dimen- 
sions of maternal overprotection and offering 
an operational blueprint of its ramified struc- 
ture. The pitfalls and shortcomings of psy- 
chiatric treatment are candidly portrayed 
and should be of great value to young psy- 
chiatrists and psychiatric social workers who 
deal with this difficult problem. The multi- 
plicity of etiological factors revealed in these 
studies should prove invaluable in orientat- 
ing the accumulation of case history material 
in situations of this type. Research workers 
will find many challenges throughout the 
book. 

The emphasis upon psychoanalytic rubries 
might be deplored somewhat, as for example, 
such a statement as ‘‘. . . atonement in the 
form of good scholarship for the guilt of 
incestuous attachment.’’ One wishes that 
other findings on overprotected boys, such 
as interest patterns, personality schedule, and 
Rorschach results, and other psychological 
and psychometric data could have been in- 
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eluded. The reader will also note consider- 
able repetition of the case history material. 
Regardless of these faults, if faults they be, 
this book may be regarded as definitive in 
its field. 

FRED BRowN 


LIBERAL EDUCATION RE-EXAMINED* 


Because the American Council of Learned 
Societies ‘‘has become increasingly aware of 
various forces in American culture, and 
trends in American education, which 
threaten the very basis of all scholarship,’’ 
a committee was appointed to prepare this 
volume. Previous to the appointment of the 
committee in 1940, a symposium was held in 
1938 in which there were participants from 
such important organizations as the Modern 
Language Association of America, The 
National Federation of Modern Foreign 
Language Teachers, The Classical Associa- 
tion of the Middle West and South, and the 
American Philological Association. That 
symposium produced the plan for a 
‘‘thoroughgoing study of the place of the 
humanities in education,’’ a plan which 
became the starting point for the commit- 
tee’s work. 

The committee was instructed that its 
duties did not include a ‘‘defense of the 
humanities,’’ but to ‘‘develop the full values 
of the contribution that the humanities 
must make to education and to life.”” And 
the committee in commenting (Preface) on 
its finished work said that its task had not 
been ‘‘to be primarily fact finding or statis- 
tical,’’ but ‘‘to formulate basic cultural 
ideals and educational objectives, ... to 
define a common cultural and educational 
goal, not to specify in detail the means 
whereby this goal may gradually be ap- 
proached.’’ Instead of outlining subjects, 
types of procedures, or integrated relations 
with other divisions of human records and 
achievements, by means of which the humani- 
ties may produce the desired results, the 
committee asks that ‘‘educational institu- 
tions throughout the country will attempt, 
on their own initiative and responsibility, to 
actualize the ideals here envisaged.’”’ 


* Liberal Education Re-Examined. T. H. Greene, 
Fries, Wriston, and Dighton. xiv+134 pp. 1943. 
$1.50. Harper & Bros. 


Thus it might appear that the committa 
almost absolves itself from specifies, and ys0x 
an argumentative procedure which for mor 
than fifty years has been a common method 
of dealing with the whole difficult problem 
The fact that all the members of the com. 
mittee and all the sponsoring organizations 
are directly concerned with the humanitic 
might produce an expectancy that a reader 
of the book would meet abundant arguments 
for a very large place for humanities jy 
general education. Such abundant argy. 
ments do appear; but concerning the larep 
claims to which most humanists agree, jt js 
stated that the members of the committee are 
not in full agreement; and of the Americay 
Council of Learned Societies, it is stated 
that ‘‘the scholars constituting this body 
were themselves in sharp disagreement oy 
many crucial issues.’’ Thus on an areumen- 
tative basis it seems that those who have 
spoken are not in full harmony. Possibly 
a fact finding basis might have produced 4 
better foundation for unification in conclu. 
sions. The difficulty would have been in dis- 
closing, analyzing, and synthesizing abun- 
dant facts to support what may have been 
predetermined contentions. By saying this, 
the reviewer does not mean to say that the 
argumentative conclusions are wrong. They 
are not proved by evidences of the objective 
sort which would be expected by other com- 
petent students of the same questions. 
Therefore, the conclusions are still within 
the domain of opinion, even though eminent 
and often convincing opinion. 

A valuable point is made when referring 
to the cumulative nature of thinking about 
education. It is a mistake to assume that 
such thinking must be characterized either 
by the ‘‘horse and buggy”’ period or by the 
period of the stratosphere airplane. Rather 
it must be recognized that much thinking 
preceded ‘‘horse and buggy days’’ and there 
will be much to follow ‘‘stratosphere days.” 
Even more significant is it that all along 
between such periods constructive considera- 
tion of education proceeded. The ‘‘fear that 
present trends have threatened the founda- 
tions of a humane as against a purely scien- 
tific education’’ is a fear that has grown 
steadily for many decades. Entrenched 
linguistics and other humanities felt the 
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crowing impact of fact-finding sciences. 
The human betterments produced through 
science and the opportunities for vocational, 
as well as scholastic careers in science, shifted 
emphasis upon educational values. Undoubt- 
edly, human desire for a livelihood as well 
as a life (the unctuous term ‘‘the good life’’ 
is frequently used), helped to shift educa- 
tional emphasis from the humanities toward 
the sciences. 

It is sometimes incorrectly implied by the 
writers that most of science deals with prac- 
ticalities. It would be difficult, however, to 
arouse much public interest in adverse criti- 
cism of science because of its tremendous 
practical benefits. The book fails to note 
that point. Furthermore, it is idle talk to 
claim that persons educated through scien- 
tifie pursuits are really less elucated than 
are those who devote their abilities to the 
humanities. The sciences are not necessarily 
inhumanistie cr uncultural, nor are the 
classics, languages, and literatures neces- 
sarily humanistic and cultural. It depends 
upon how they are approached, studied, 
used, and incorporated into one’s living. 
The statement is made that ‘‘only liberally 
minded teachers and students can achieve a 
liberal education; for such education de- 
pends essentially upon contact of mind with 
mind in dealing with significant ideas.”’ 
Does that mean that one must be liberally 
minded before he may achieve liberal mind- 
edness ? 

Then, it is urged that the very long period 
during which certain subjects ‘‘have been 
reviewed, criticized, sharpened, and made 
more appealing and effective, gives to 
these studies, which are the substance of the 
liberal arts, a unique quality which other 
disciplines can acquire only after like 
periods of developing maturity. ... The 
liberal quality of education was bound to 
suffer by having the darling of the new edu- 
cation dominate what was left of the old. 
Science was too triumphant to be de- 
nounced.’’ The authors then cite and depre- 
cate the efforts of liberal arts subjects to 
become ‘‘scientific’’ by application of so- 
called scientific methods within their own 
fields. It seems clear that such efforts have 
not proved satisfactory. 

This reviewer has constantly watched 


val 


throughout the book for clear statements of 
what liberal education is. Several part defi- 
nitions are given. ‘‘Liberal education seeks 
to bring into life greater refinement and 
greater intensity—to make it more sensitive, 
to make it more alive. It is ‘prepara- 
tion’ for life only in the sense that its vital 
influence is continuous and leads ever on 
from one experience to others which are even 
richer.’’ In the chapter dealing with ‘‘The 
Ideal Objectives of a Democracy,’’ when dis- 
cussing what is best for development of 
political responsibilities, it is stated that 
“the most effective type of preparation both 
for citizenship and for the good life is a lib- 
eral education. Such education is, as we 
shall see, essentially cultural in content and 
reflective in approach.’’ It is further as- 
serted that a liberal education is ‘‘informa- 
tive,’’ ‘‘disciplinary,’’ ‘‘liberative,’’ and 
‘‘moral,’’ and is ‘‘the only effective educa- 
tion for the good life of the individual.’’ 
‘*Education for citizenship, accordingly, is 
identical with education for the good life. 
A liberal education is the only education for 
either objective. . . . It alone can give men 
the factual knowledge, the sense of basic 
values, the perspective and critical attitude, 
requisite to responsible citizenship.’’ Many 
other such quotations might be made. All 
of them are similarly assertive or argumenta- 
tive and unsupported by tested evidences. 
More than one-fourth of the book is de- 
voted to the chapter on ‘‘Content of a 
Liberal Education,’’ of which a little more 
than two pages suffice for ‘‘The Natural 
Sciences.’’ Even so, the following closing 
sentence of that section is highly significant : 
**Whoever believes that it is more honest to 
face facts than to ignore them, and to inter- 
pret facts in a rational manner rather than 
an irrational manner, will value particularly 
this general contribution of science to man’s 
intellectual and spiritual integrity.’’ As 
expected, the really essential liberal studies, 
the languages, ancient and modern, the arts, 
literature, history, and philosophy are given 
the ‘‘central role’’ in a liberal education. 
And the arguments, excellently stated, in- 
clude those recorded for many decades plus 
some that are ingeniously new. We believe 
many of them. In fact, most people want 
the cultural heritage of the humanities, 
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though there seems to be no good reason as 
to why these cultural values may not be 
developed along with the values of other 
types of liberal education than those advo- 
cated in this book. 

Under ‘‘Various Academic Levels’’ the 
authors discuss, severely criticize, and make 
recommendations dealing with teaching and 
what is taught in all levels of education. 
These discussions and recommendations, 
most of which are interesting and sound, are 
strikingly more definite concerning ele- 
mentary and secondary education in which 
none of the authors is working, than are 
those concerning collegiate and graduate 
education with which the authors are pro- 
fessionally closely associated. 

Otis W. CALDWELL 


MAN’S FOOD: IT’S RHYME OR REASON* 


THE main (and new) character of this 
volume on food is given by the author in 
the first paragraph of his introduction: 
‘‘This volume differs from other books on 
food in that it deals as much with man as it 
does with food. Its main concern is with 
man’s attitude towards food throughout his- 
tory, before and during the evolution of the 
science of nutrition.’’ While the book is 
written primarily for the lay public, the 
story of man’s aberrations in regard to many 
good and wholesome natural foods, such as 
eggs, fish, meat, and milk, constitutes must 
reading even for experts on human nutrition, 
as this story helps to explain some of the cur- 
rent dietary aberrations in our country to- 
day, and familiarity with this story will be 
helpful to us all, and especially to those fel- 
low citizens entrusted with the important 
duty of aiding a starving world, when the 
current war violence has subsided. 

We may assume that all wild animals (in- 
cluding very early man) were, at least from 
time to time, forced to eat every available 
edible article of plant and animal sources. 
And it is a fact that all forms of animal and 
plant life contain elements useful as human 
food, even such rarely used plant products 

* Man’s Food: Its Rhyme or Reason. Mark Grau- 
bard. x+213 pp. Nov., 1943. $2.50 ($2.00 to mem- 
bers of the American Association for the Advance- 
ment of Science, if ordered through this Association). 
Macmillan. 


as grasses, leaves, and the fresh bark of tree: 
Very few plant and animal tissues anywhers 
in the world contain poisonous elements 
when used as human food. This being th, 
case, the various taboos (religious, social, and 
sexual) against good foods developed by sg 
many peoples, are in reality not primitive 
For we cannot assume that their primary oy}. 
gin was special food idiosynerasies (fo 
anaphylaxis) ; as this appears in individuals. 
not in the tribe or group as a whole. It js 
not surprising, therefore, that some of these 
food taboos are current, even among rela. 
tively educated people today, even though 
the very origin of the food taboos presup- 
poses two conditions: (a) almost complete 
ignorance as to the nature and functions of 
foods, and (b) plenty of foods not under 
taboo. Workers in nutrition would have 
found the human aspect of this volume more 
valuable if the author had cited at least some 
of his authorities. There is no literature 
reference in any of the eighteen chapters 
Most of the specific food data and dietary 
recommendations in the several chapters are 
not only factual but clearly and _ interest- 
ingly presented for the lay reader. Wholly 
erroneous assertions, like the following, are 
exceptional: ‘‘The value of fruits and vege- 
tables lies wholly in their possession of small 
quantities of vitamin C’’ (p. 37). But read- 
ers might ask the author for the evidence 
for the claim (p. 201) ‘‘deficiency in vita- 
mins is one of the causes for high infant 
mortality’’ (in U. S. A., presumably). 
There are chapters on ‘‘Table Manners,”’ 
‘Food and Morale,’’ and a ‘‘Postscript on 
Freedom from Want of Food.’’ Consider- 
ing the times and the author’s connections, 
the reader should not be surprised to encoun- 
ter some rather wishful thinking, if not /ap- 
sus menti, in some of these chapters. Thus 
the author says (p. 58) that our current flour 
and bread enrichment practices ‘‘ have solved 
the entire problem (of denaturing our food 
grains) pleasantly and effectively.’’ The 
solution may be pleasant to some, but is it 
effective for all, and for all times? Is it as 
effective as whole wheat, taboos or no taboos’ 
On page 29 we read: ‘‘The percentage of 
malnutrition (in U. S. A.) is much smaller 
than the mythical, and by now classical, 
third.’’ This does not seem to square with 
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his statement on page 201: “‘surveys show 
that the majority of our (U.S. A.) popula- 
tion is malnourished.’’ Do we have to be 
convinced and convicted of total depravity 
before we accept salvation ? 

A. J. CARLSON 


FOOD IN WAR AND PEACE 


WHEN a subject becomes so popular as to 
figure almost daily on the front and editorial 
pages of newspapers, over the radio, in maga- 
zines, and in the newsreels—then that sub- 
ject stands a pretty good chance of being 
confounded and misunderstood. When, in 
addition, the subject happens to be food 
which is linked to science, nutrition educa- 
tion as well as war and peace, then the mis- 
conceptions, false warnings, fears, and use- 
less oratory bubbling around it may well 
reach extraordinary proportions. It is for 
these reasons that the American people are 
fortunate in having had a 1943 Christmas 
cift in the form of Food ‘‘Crisis’”? by Roy 
F. Hendrickson and Food Enough? by John 
D. Black. 

Mr. Hendrickson’s book is a model of clear 
exposition and complete coverage. It is in- 
tended for the layman and its style, its con- 
tents, and organization are so expertly 
directed toward that objective that the result 
is a most lucid account of the food situation 
in the United States and its effect upon the 
rest of the world. It reads like a novel and 
is written in a concise but mellow style with- 
out embellishment but with an inherent ease 
of flow which carries the reader along thor- 
oughly interested, thoroughly pleased _be- 
cause he is really learning point by point the 
elements of a complicated but fascinatingly 
elucidated problem. 

What is most gratifying is that the subject 
is handled with reserve, dignity, and unique 
impartiality, which are particularly striking 
in view of Mr. Hendrickson’s responsibility 
as director of the Food Distribution Admin- 
istration. There is no condescension in tone 
often displayed by so many who write for 
the laymen, and there is no trace of seeking 
to defend policies simply because the author 

1 Food ‘‘Crisis.’? Roy F. Hendrickson. xii +274 
pp. 1943. $2.50. Doubleday, Doran. 


? Food Enough. John D. Black. 269 pp. 1943. 
$2.50. The Jaques Cattell Press. 


happened to be involved in their adoption. 
The book is a classic achievement in adult 
education which analyzes the food problem 
and its numerous aspects frankly and hon- 
estly with authoritative knowledge and im- 
pelling logie. 

After presenting a survey of the present 
food situation under the heading, ‘‘ America 
Wakes Up—To Face a Food Problem,’’ the 
author considers the war tasks at home in 
the matter of adequate food for the civilian 
population, the needs of the military and the 
Allies, the problems of Lend-Lease and of 
feeding occupied lands. He next considers 
the questions of rationing, prices, subsidies, 
and the problems confronting the farmer on 
the production front. Especially informa- 
tive are the chapters dealing with the way 
Britain is solving her food problem and how 
her methods compare with our own. The 
reader is also offered a thorough picture of 
the role of food in World War I and the 
present food situation in Germany. The 
concluding chapters deal with tasks still re- 
quiring careful thought regarding post-war 
possibilities on the food front. One almost 
feels confident that if the professional Cas- 
sandras and other vociferous critics could 
only take time off to read this volume our 
road to victory would be far smoother than 
it is with their present clamor. The average 
citizen stands to learn much from reading 
this book. He will learn how difficult the 
problem has been, how much there was to do, 
how it is being handled now and how easy it 
is to be an arm-chair food philosopher offer- 
ing glib solutions for all domestic and foreign 
difficulties. But the problems of feeding our 
population, our armed forces, and aiding our 
allies are in reality quite tough. Yet these 
jobs have been done fairly well. 

Professor Black’s book runs much along 
the same lines as Mr. Hendrickson’s. It is 
briefer and amply furnished with charts and 
tables. It too is an excellent account of the 
food situation and the charts and tables it 
offers are so clear that their aid in summariz- 
ing complex data is apparent to anyone. 
Professor Black’s outline follows more or less 
the same sequence as Mr. Hendrickson’s 
since both are motivated by the logic of the 
story they have to tell. The approaches 
taken by each are sufficiently different to 
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make both books prescribed reading for any- 
one concerned in any way with food, its pro- 
duction, distribution, or use. 

Besides its wealth of information, clarity 
of style, and plethora of data, Professor 
Black’s book is of special interest in that it 
comes from the pen of one of the ablest stu- 
dents of food economics not in the employ- 
ment of the government. His judgment is 
consistently fair and his points of criticism 
are certainly to be taken seriously. His gen- 
eral conclusions that the food situation has 
been handled with competence and as well as 
could be expected under the circumstances, 
should be encouraging to the public. His 
critical comments should be found stimulat- 
ing especially by those who are responsible 
for national strategy on the food front. 

One positive point may be made after read- 
ing these two enjoyable and instructive vol- 
umes. There can no longer be any good 
excuse for nonsense on the subject of food 
sown broadcast or otherwise dispensed by 
common people, their representatives, pro- 
fessional authors, radio commentators, or 
editorial writers. The facts are available 
and just as the public reads war books it 
should read these two works which deal with 
the basic war problem of food. Moreover, 
while intimate knowledge of the fighting in 
Italy or the Solomons does not in all likeli- 
hood make a better citizen or a more valuable 
armchair strategist, knowledge of what is 
involved in solving our food problems is a 
contribution to good citizenship. Victory on 
the food front can be achieved only by the 
wholehearted cooperation of farmer, manu- 
facturer, and consumer. It is the duty of 
each citizen to know what is involved in solv- 
ing the various aspects of the food problem. 
After reading these books, the average citi- 
zen is really put in the position of an intelli- 
gent democratic participant on the home 
front. 

Mark GRAUBARD 


SHRUBS OF MICHIGAN* 
THE Cranbrook Institute of Science ay, 


Mr. Billington should be commended for this 
excellent book presenting in such precise 
and readable form the shrubs of Michigay 
In this work 161 species of shrubs, all tha: 
are known to occur in Michigan, are jp. 
cluded, each represented by drawings 0! 
fruit, leaves, flowers, and inflorescence, and 
accompanied by a small map of Michigay 
outlining the counties and indicating actual 
records. 

The drawings have been very simply, 
neatly, and accurately executed, and are jn- 
dispensable in a work of this kind designed 
especially for the nature lover and those who 
cannot be professional botanists. A color 
frontispiece, depicting autumnal coloration 
transforming a zone of shrubs to crimson 
against a background of dark green conifer. 
ous trees, adds an attractive artistic feature 

The keys to the genera and those to the 
species in the text are clear and workable, 
more especially because eighty-eight line 
drawings in a pictorial glossary illustrate 
many of the descriptive botanical terms with 
which the amateur might not be familiar. 

The reviewer feels that this book will be 
of great value to all nature lovers and ama- 
teur botanists who wish to familiarize them- 
selves with the native shrubs of their state 
There is a need for more books of this sort, 
for they have great educational value for 
thousands of persons who have not had the 
training nor the inclination to become pro- 
fessional botanists or taxonomists. Such 
books, with the subject matter presented at- 
tractively, clearly, and accurately, are of far 
greater usefulness to the average person than 
technical monographs or manuals covering 
large areas of the country. Shrubs of Michi- 
gan by Mr. Billington is in this class. 

H. A. ALLarD 

* Shrubs of Michigan. Cecil Billington. Bulletin 
No. 20. Illustrated. 249 pp. Dec., 1943. $2.50. 
Cranbrook Institute of Science. 
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COMMENTS AND CRITICISMS 


Apology 

We shall not wait for a reader to ask us who 
wrote the article on the work of Dr. Frank 
Schlesinger, Which was published under the title, 
“Explorer of Celestial Spaces” in the March issue 
of The Scientific Monthly, pp. 240-242. This 
article was an abridged version of an address by 
Dr. Henry Norris Russell, which he delivered at 
the exercises in memory of Dr. Schlesinger in 
Stratheona Hall, Yale University, November 19, 
1943. We regret the inadvertent omission of 
Dr. Russell’s name at the end of his article and of- 
fer our apologies to him and to our readers.—Kds. 


War Effort 

I have unfortunately misplaced the letter you sent 
me and, by golly, I can’t remember your name. I 
think it is Carpenter, but I am not sure. At all 
events, the reproof in your letter was merited in 
part. I haven’t been asleep at the switch, but I 
found that I wasn’t as good a listening post as I 
thought. In addition to this, much of the work be- 
ing done by anthropologists today is in connection 
with the war effort and there is a certain amount 
of hush-hush about it. At all events I have writ- 
ten an item for ‘‘Science on the March’’ 
now has to go through the red tape of army clear- 
ance. If you will sit tight for all of this rigamarole, 
you should have something from me one of these 
days. I saw Dr. Moulton last Sunday and explained 
to him that I have darn near bitten off more than 
I can chew. However, I will keep plugging and 
will do my best.—Wilton M. Krogman. 


which 


Our contributing editors are doing their best 
to supply timely and illuminating articles for 
“Seience on the March.” While their articles are 
germinating or being cleared, “Carpenter” has 
been sawing wood to fill space. He regrets the 
necessity of giving our readers an overdose of 
insecticides and hopes that his specialty will not 
obtrude again. This note is written to invite con- 
tributions for “Science on the March” from our 
readers.—Eds. 


Diethylstilbestrol 

The objective of your new section ‘‘Science on the 
March’? is very much worthwhile. Scientific progress 
is rapid on so many fronts that it is extremely diffi- 
cult for one to keep his head above water even in his 
special field. 

However, such a section, to achieve its purpose, 
must be edited with extreme care. In the January 
issue under the heading ‘‘synthetic sex hormones’’ 
I find a confusion between ‘‘stilbestrol’’ and diethyl- 
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stilbestrol (to use the American spelling). This con- 


fusion is probably a reflection of the fact that in the 


U.S.A. ‘‘stilbestrol’’ has often been used where 
‘*diethylstilbestrol’’ was meant. The Council on 
Pharmacy and Chemistry of the American Medical 


Association has not always agreed with the Food 
and Drug Administration in this regard. 

In his original publication, Dodds reported the 
preparation and testing of several derivatives of 
stilbene (diphenylethylene). Among these were 4,4’- 
a,B-diethyl-4,4’-stilbenediol. The 


atter compound has achieved considerable clinica 
latter compound ha hieved lerable clit l 


stilbenediol and 


use both under the name ‘‘diethylstilbestrol’’ and 
‘“stilbestrol.’’ The former name was first assigned 
as the ‘‘common name’’ by the Food and Drug Ad- 
The latter.— 


Foreman. 


ministration. Council sanctioned the 


E. Leon 


At the bottom of the first column on page 80 of 
the January, 1944, issue of The Scientific Monthly 
the editor innocently published: “A derivative of 
stilboestrol, known as diethylstilboestrol. ‘2 
Dr. Foreman points out above that these two com 
mon names are synonymous, both referring to 
the chemical compound a, 6-diethyl-4,4’-stilbene 
diol. The Food and Drug Administration now 
requires the commercial product to be labeled 
under the name diethylstilbestrol, which may be 
regarded as the name generally accepted in the 
United States for this synthetic sex hormone. 


—Eds. 


Interpretation 
I am wondering whether the exclamation ‘‘oh’’ 
on page 164 of the February issue of The Scientifio 
Monthly was occasioned by the second sentence of 
the item which contains two well-defined grammatical 
errors.—Curvin H. Gingrich. 


An Astronomer’s View 

Dr. G. A. Lundberg’s statement concerning post- 
war efforts (‘‘Scientists in War Time,’’ The Scien- 
tific Monthly, February 1944, p. 89) that, ‘‘ No matter 
who wins, appeasement and compromise will occur 
because there is, practically speaking, no alternative, ’’ 
is surprising. If he means that in connection with 
the peace settlement, appeasement and compromise 
will not be wholly absent, few will disagree. But 
apparently he thinks that the peace terms must con- 
sist wholly or essentially of appeasement and com- 
promise, for the next sentence reads, ‘‘The only 
subjects for profitable discussion are the details of 
the appeasement and compromise. ’’ 
The context supplies one or two arguments for 
One is that after 


this disheartening conclusion. 
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World War I ‘‘the machinery of appeasement and 
compromise was set in motion.’’ But does this 
fact prove that after World War II no other machin- 
ery can possibly be used? Dr. Lundberg’s argument 
is marred by a misstatement. ‘‘No one could have 
desired a more complete military victory than that 
achieved by the Allies in the first World War.’’ It 
is reported that General Pershing desired a more 
complete victory. 

Dr. Lundberg indicates that annihilation of the 
defeated nations would be an oversimplified and 
unavailable solution. His failure to discuss a third 
possibility, namely, that after victory the Allied 
Nations might force Germany and Japan to follow 
a prescribed course is puzzling; it seems to me to 
leave his treatment narrow and unsatisfactory. 

in the absence of an impartial judge, does any 
moral principle of symmetry require that after 
the war we refrain from enforcing our ideas just be- 
cause we think we would dislike what Germany would 
do to us had she been the victor? The vigilante type 
of justice may not be ideal but it is probably better 
than none at all. The Golden Rule is not available 
for the protection of a nation that violates it—Paul 
W. Merrill. 


From an Editor 

Since you kindly invited my comments on the 
January issue I should like to make a few remarks. 
The choice of original articles seems to me almost 
perfect; all of them are on timely and interesting 
subjects. I think, too, that the section on ‘‘ Meet 
the Authors’’ is a great addition. It seems, how- 
ever, that comparatively few qualified workers in 
science possess much ability to write clearly for the 
general public; the conclusion I think is that more 
work should be expended on editing papers of 
this kind than almost any other type of published 
material. 

I think it might be advantageous to consider set- 
ting up a small department for publication of corre- 
spondence. It is my belief that when suitably con- 
trolled, correspondence can form an exceptionally 


interesting part of a magazine or newspaper. 
section on Science on the March is excellent 4 
might I think be expanded to include items of ¢, 
news in science and, perhaps, even some 
news.—Edwin P. Jordan. 


To J. O. Perrine 


I cannot refrain from sending you my thanks fy; 


the most elucidating exposition of electromagne: 
waves I have yet seen, and which I have just finis 
reading the second time. 

I have long had a hobby in physics and en. 
study greatly when as in your case the subj 
presented from ‘‘the bottom up’’ 
‘*the top down.’’ I have been reading The S 
Monthly for years and shall always presery 
January, 1944, issue—David J. Lewis. 


instead 


To the New Editor 
Methinks I see Frank in his new office chair, 
A-wrinkling his eyebrows and pulling his hair, 
Redacting Jixe mad on some horrible script 
And thinking how much of it ought to be skip) 


Correcting, amending, adjusting and then, 
By aid of his much over-worked office pen, 
Removing a colon, inserting a dash, 
Re-writing a sentence that’s too much like ha 


L 


At home and in bed, when he’s trying to sleep, 
He’ll have to count commas instead of the shee] 
At last when he’s finally slumbering there, 


The marks diacritie will get in his hair. 


Inverted construction will give him a pain, 
The wrong use of words will confuse his tired br 
While nightmares composed of the bum paragra 
Cavort on his tummy with devilish laughs. 


There’s no easy chair in the editor’s suite 
And you can demolish your pants in the seat 
As fast as you could if you still were to be 
Assigned to a ‘‘chair’’ in the old B. & Z. 
—Raymond C. Osburn. 
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PHOTOGRAPHY OF 
Oscillograph 
Sereen Traces 


TT Photography of Oscillograph and cathode- 
ray tube traces sometimes presents special 
problems. The technic and choice of plate or film 
wiil depend on whether the trace is a stationary 
pattern or a transient, on the time of persistence, 
and on the color of the light from the phosphor- 
escent screen. 

The Kodak Research Laboratories have com- 
piled a pamphlet giving some practical data on the 
subject, and including particulars of the plates and 
films most suited for its various aspects. Copies of 


the pamphlet will be furnished free on request. 








Research Laboratories 


EASTMAN KODAK COMPANY 


Rochester 4, N. Y. 
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and saw lhe fost 
TELESCOPE 





Che teoked lhire “gt } 
SPECTACLES 





Pressyortc EYES had been looking through convex-lensed spectacles for 300 
years when Jan Lippershey took his famous look. Only after glasses had been de- 
veloped to correct near- and far-sightedness did fate place the right combination of 
convex and concave lenses in the hands of this Dutch spectacle maker. 

No picture of the first telescope exists, and recorded descriptions are vague. It 
probably was about 18” long, had a 112” aperture, magnified three or four diame- 


ters and had an extremely restricted field of view. - 

Crude though it was, it started human vision on a romantic journey. Today that 
journey continues through new lenses and prisms into new worlds of light and life 
and distance. Guiding it are busy men in industry, in education and in the armed 
forces ... men with whom Perkin-Elmer has been privileged to create new mile- 
stones in optical science. 








WHAT | an 
| ' 
es Rte PERKIN-ELMER tee 
| | 
HAS DONE FOR OTHERS, ie 
WHAT PERKIN-ELMER MAKES IT CAN DO FOR YOU 
Custom-built optical instruments for : } or 
industrial analysis, control, and in- PROBLEM: lo Inspect boiler tubes tor | iy 
spection. defects without suspending operations. ni 
New optical devices to solve specific SOLUTION: Perkin-Elmer designed and 
problems. built a boiler tube periscope that licked 
— ‘ the problem. 
Special elements such as fine lenses, : ; ; 

; aipiee Whether your optical requirements en- : 
prisms, flats, photographic objectives, ' ‘ M 
. , . tail research, problems solved or products 
interferometer plates, retardation plates, : rae 

. ; : manufactured, Perkin-Elmer can help you 
Cornu prisms, Rochon prisms, and 

f . ... with accuracy measured in millionths SA 
Nicol prisms. oh ip a Eats ; * 

of aninch or millionths of a circle... with By 

Unusual optical parts worked from highest skill in making custom-built 
crystalline materials such as quartz, instruments. 1 
calcite, fluorite, lithium fluoride, so- 
dium chloride,and potassium bromide. Be 
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LANDING ON A DOT is commonplace 


r warplane pilots today, thanks 
blind-flving instruments mad 
Westinghouse There arte tTwe 
ters in the instrument one to 
pilot his ’ the other 


inipulati 


er 2 By m 


controls to keep borl 


pomters 


ssed over a dot on the dia pilot 
locate field and land blind in tog 
larkness 


ALL THE KING’S HORSES—9'1) (00 of 
hem—would be needed to equal the 
ower generated by six giant Westing 
ouse water-wheel generators at Grand 

Coulee Dam—largest of their kind ever 


bullt 


zip... A certain type of gyro Hywheel 
nust snap up to full speed (12,000 
rpm) in just 1/5 of a second. Westing 
house engineers devised a 101 pound 


midget 22 


horsepower electric. motor 
to do the job. Secret of fast starting 
ies in special brushes that carry 600 
amperes to the armature—at a den- 


sitv of 1000 amperes per square inci 


yO! HO! A 50-foot mast performing 
sea service many miles from salt water, 
rolls more wildly than any crow’s nest 
in a storm. The mast top travels 30 
miles an hour, in swinging back and 
forth through a 90° are every six sec- 
onds. Westinghouse developed this 
land-going mast to test sensitive ship- 
board electronic devices under condi- 
tions more severe thary they will face 


it sea 


SAVED—800 MAN-HOURS PER SHIP. 
By changing the design of Victory ship 
gear Westinghouse 


cases, engineers 


saved 1/5 of a mile of arc welding 

about 800 man-hours) on each case 
Bending some of the thick steel plates, 
tomake right angles (formerly welded), 
made possible this important saving in 


production time. 
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Getting the right answers—fast! 


} 


remarkable “electrical brain” that 


to solve ) 7 ’ 


Pictured above 1s a 


enables an engineetl Intricate 
calculations that would take 


mathematics. And other 


him more than 100 hours by 


calculations, 


impossible to com 
pute by in) other me thod, are easily solved 
It’s the new Westinghouse Network Calculator. The first 


model was developed In l 2 


to help them analyze th 


by Westinghouse engineers 


electrical characteristics ot 


huge power system—by creating a synthetic replica of the 


system to laboratory scale. 


Now, even before a new electrical system is built. the 


calculator can reproduce in miniature the electrical chat 


acteristics ot the proposed system ind Can qui¢ k ly Cal 


culate the changes in equipment needed for best results 


loday, this new and improved Westinghouse Network 
Calculator at our East Pittsburgh Works for 
making studies of public utility and industrial power sys 


Is ay atlable 


tems. \nother Westinghouse SeTVICE to industry PIVINg 
the right electrical answers—fast. West El, 
os Vanuta Sasa '& mba Pitt hu? 3). P ] ] 
WESTINGHOUSE PRESENTS John Charles Thomas, Sunday 
2:30 p.m., VBC Top of the Evening Vonday 


Wednesday, Friday, 10:15 p.m., E.W.T Blue Network 


Vestinghouse 
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METALS AND ALLOYS 
DATA BOOK 


By SAMUEL L. Hoyt 
Technical Adviser of Battelle 
Memorial Institute 


340 tables of authoritatively compiled engineering 
property data on steels, alloys, rare metals, etc., 
h | 


witha itest information on their important prop 


rties such as tensile strength, hardness, thermal 


expansion, etc., assembled for the first time in one 


\ book to USI not a thesis! 


1 
volume 


50 Pages Illustrated $4.75 


INFRARED SPECTROSC OPY 


Industrial Applications 


By R. BowLING BarNeEs, 
Ropert C. Gore, URNER LIDDEL, 
and V. Z. WiLLiaMs 
Stamford Research Laboratories, 
American Cyanimid Co., Stamford, Conn. 


During the past decade it has become possible to 
determine many ot the properties ot materials 
simply by calculation from data obtained spectro- 
scopically, and some of these data must be obtained 
from the infrared spectrum. This determination 
of physical properties from a few fundamental 
spectroscopic measurements holds great promise for 
the future and is at present one of the most ac- 
tively developing fields in science. 

NOTE: The data on Infrared Spectroscopy was 
originally published in the Analytical Edition of In- 
dustrial and Engineering Chemistry. New material 
and bibliography have been added in this bound 
volume. $2.25 


THE WAR ON CANCER 


By Dr. Epwarp PopoLsky 


Sums up the latest findings in the battle against 
Cancer. Discusses the effectiveness of X-Ray, 
Cyclotron, Radium, Surgery and Refrigeration, 
and the progress made in determining the causes 
of this dread disease, in a manner which will ap- 


peal to the scientific mind. 


180 Pages Illustrated $1.75 


INDUSTRIAL CHEMISTRY 
4th Edition 
By Emit RayMonp RiecGeE! 


Professor of Industrial Chemist 
University of Buffalo 


\ “refresher” study of all the important 

ind practices of the chemical industries 
, : 

producing the materials essential to our w i 


n an authoritative, readable way it 
than 50 key industries, meeting the 


technical and scientific worker, the 


: : : 
chemist, the teacher, or the student 


) 


Pag Illustrated $5 50 


A Course in 
POWDER METALLURGY 


By WaLTER J. Baeza 
Instructor for the U. 8. Government « 
the College of the City of New Yor 


Describes the essentials of successful uniforn 
duction of powder metallurgy parts, with det 
of 15 experiments, and graphs showing the 
tionships between processes involved ind all 


properties ot the finished products. 


Illustrated $3.50 


212 Pages 


DRYING AND DEHYDRA- 
TION OF FOODS 


By H. W. von LogEseEckt 
Bureau of Agricultural Chemistry and 
Engineering, U. 8. Department 
of Agriculture 


The various steps in the drying and dehydra 
of foods are here concisely presented, with des: 
tion of equipment used and specific figures 
moisture content, yield, processing losses, temp 
tures. costs and nutritional values of foods, 
reference to vitamin content and taste. 


Illustrated $4.25 


302 Pages 


Send for Free 1944 Book Catalog “LET'S LOOK IT UP” - (200 Titles). 


REINHOLD PUBLISHING CORP. 


330 West 42nd Street 


New York 18, N. Y. 














